



































ABq        AB quartet 
Ac acetyl 
acac        acetylacetonate 
APCI        atmospheric pressure chemical ionization 
aq        aqueous 
Bn        benzyl 
Boc        tert-butoxycarbonyl 
br        broad 
Bu        butyl 
Bz        benzoyl 
cat.        catalyst 
conc.        concentration 
d        doublet 
DBU        1,8-diazabicyclo[5.4.0]undec-7-ene 
dd        doublet of doublets 
ddd        doublet of doublets of doublets 
ddt        doublet of doublets of triplets 
DIBAL        diisobutylaluminium hydride 
DMAP        4-dimethylaminopyridine 
DMF        N,N-dimethylformamide 
DMSO        dimethyl sulfoxide 
dppf        1,1’-bis(diphenylphosphino)ferrocene 
dq        doublet of quartets 
dt        doublet of triplets 
eq.        equivalent 
EI        electron ionization 
ESI        electrospray ionization 
Et        ethyl 
EWG        electron withdrawing group 
gen.        generation 
hexane        n-hexane 
HPLC        high-performance liquid chromatography 
HRMS        high resolution mass spectrum 
i        iso 
IR        infrared 
LRMS        low resolution mass spectrum 
m        multiplet 
Me        methyl 
Mp        melting point 
MS        mass spectrum 
n        normal 
NMR        nuclear magnetic resonance 
NOESY        nuclear Overhauser enhancement and exchange spectroscopy 
n.r.        no reaction 
Ph        phenyl 
Pr        propyl 
q        quartet 
qt        quartet of triplets 
quant.        quantitative 
quint        quintet 
r.t.        room temperature 
s        singlet 
sext        sextet 
t        triplet 
t        tertiary 
td        triplet of doublets 
tdd        triplet of doublets of doublets 
Tf        trifluoromethanesulfonate 
TFA        trifluoroacetic acid 
THF        tetrahydrofuran 
TLC        thin layer chromatography 
TMS        trimethylsilyl 
trig        trigonal 






y 各化合物の命名は、原則として Chemical Abstractsの命名法に従ったが、スペクトルデ
ータの記載や立体化学は、慣用的なものを使用した。 
















































第１節 分子内 Friedel-Crafts型カルバモイル化反応----------------------------------------43 

































る。1) なかでも、ラクタム類や芳香族アミド類は様々な天然物に含まれる (Figure 1)。例え
ば、ラクタム類としては、ビンクリスチン耐性 KB (ヒト口腔類表皮癌) 細胞の薬剤耐性を
無効化する Leuconodine E 2) や、A431 (ヒト上皮様細胞癌由来細胞株) への細胞毒性を有す
る 14,15-Dihydroxygelsenicine 3) 、細胞毒性および抗菌活性を有する海洋天然物Haliclonin A 4)
などが知られている。また、芳香族アミド類としては、ホヤ由来アルカロイド Kingamide A5)
や、抗原虫活性をもちバイオフィルム形成阻害剤のリード化合物としても用いられている
Oroidinおよびその類縁体 6) などが知られている。 
 


















クタム 2aが主生成物として 40%の収率で得られた (entry 1) (第 1章第 1節)。次に、他のラ
ジカル開始剤を用いてラクタム化反応を検討したところ、ジメチル亜鉛を用いた場合にク
ロロラクタム 2aのみが 86%の収率、endo : exo = 2 : 1の立体選択性で得られた (entry 2) (第
1章第 2節)。8) 









ルオキシド Bの分解により、ホスゲンが生成すると考えられる (Scheme 2)。次に、シクロ
ペンテン環をもつスピロテトラヒドロキノリン 1a とジメチル亜鉛により生成した亜鉛ア
ミド C が、ホスゲンによりアシル化されカルバモイルクロリド 4a となり、塩素原子の脱
離による DおよびアシリウムイオンEの生成と、塩化物イオンの導入を伴う Prins型環化反
応 9) が進行し、クロロラクタム 2aが得られたと考えられる (Scheme 3) (第 1章第 3節)。8) 
 






反応が進行し 95%の収率でクロロラクタム 2e が得られた。なお、ベンゾアゼピン誘導体
1fやベンゾアゾシン誘導体 1gに関しても本反応が進行することが明らかとなった (第 1章
第 4節)。8) 
Scheme 4. Substituent effects on the benzene ring and the ring size effects. 
 
 次に、様々なホモアリルアミン類を用いてラクタム化反応を検討した (Scheme 5)。その
結果、鎖状構造を有するホモアリルアミン 5a、5b および 5c においてもクロロラクタム化
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反応が進行し、続く DBU を用いた脱塩化水素により、D,E-不飽和ラクタム 7a、7b および
7cが得られた (第 1章第 5節)。8) 
 









ラフィーにて精製すると、クロロラクタム 2a が前章と同様に endo 体を優先し、収率良く
生成することを見出した (第 2章第 1節第 1項)。10) 本反応ではカルバモイルクロリド 4a
の塩素原子の脱離がシリカゲルにより促進されることによって、前章と同様に Prins型環化
反応が進行していると考えられる (第 2章第 1節第 2項)。10) 





れた (Scheme 7)。10) 





後、DBU を用いて脱塩化水素を行い、D,E-不飽和ラクタム 7a を 2 段階収率 48%で得た 
(Scheme 8) (第 2章第 1節第 3項)。10) 
 
Scheme 8. Lactamization of acyclic homoallylic amine. 
 
 次に、求核剤および溶媒としてニトリルを用いるアミノラクタム化反応を検討した 
(Scheme 9)。シクロペンテン環をもつスピロテトラヒドロキノリン 1aのアセトニトリルも 






ム化反応が進行することが明らかとなった (第 2章第 2節第 1項)。10) 本反応では、アシル
化と、続く Prins 型環化反応により発生したカルボカチオン中間体 G へのニトリル類の
Ritter型付加反応 11) を経由して進行し、アミノラクタム 8aが得られたと考えられる (第 2
章第 2節第 2項)。10) 
 
 次に、求核部位としてオレフィンの代わりに芳香環を検討した (Scheme 10)。すなわち、
フェニルエチルアミン 9a-cを空気存在下、クロロホルム中、ジメチル亜鉛と反応させると、
アミン部分のアシル化と、続く Friedel-Crafts型ラクタム化反応 12) が進行し、ジヒドロイソ
キノリノン 11a-cが中程度の収率で得られることを見出した (第 3章第 1節)。 
Scheme 10. Friedel-Crafts-type lactamization. 
 さらに、本反応の分子間反応への展開を検討した (Scheme 11)。すなわち、テトラヒドロ
キノリン 12aおよび 1-メチルインドール (13A) を用いて空気存在下、クロロホルム中、ジ
メチル亜鉛を用いたアミノカルボニル化反応を検討した。その結果、系中で生成するカル
バモイルクロリド 14aと 1-メチルインドール (13A) の分子間 Friedel-Crafts型カルバモイル
化反応が、インドール環の 3位に位置選択的に進行し、インドールカルバモイル化体 15aA
が 93%の収率で得られることを見出した (第 3章第 2節第 1項)。 










的の 15hA-kAを与え、嵩高い 12lやアリル基を有する 12mを用いた場合についても目的の
カルバモイル化体が得られることが明らかとなった。次に、インドール類について検討し
た。無保護のインドール (13B) やインドール環の 2位および 5位に電子供与基およびハロ
ゲンをもつ 13C-Fを用いた場合にも、それぞれ 3位カルバモイル化体が得られた。 
Scheme 12. Scope and limitation. 
さらに、ピロール類 16A-D を用いて Friedel-Crafts 型カルバモイル化反応を検討した 
(Scheme 13)。その結果、位置選択性に改善の余地があるものの、窒素原子上に電子求引基
をもつ場合以外には良好に Friedel-Crafts型カルバモイル化反応が進行し 17および 18が得
られることが明らかとなった (第 3章第 2節第 2項)。 
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Scheme 13. Friedel-Crafts-type carbamoylation of tetrahydroquinoline and pyrrole. 
最後に、本手法を天然物および生物活性化合物の合成に応用するため、ピペラジン類
19a-cおよびインドール類 13A, B, Gを用いて分子間反応を検討した (Scheme 14)。その結
果、ピペラジン類も本反応に適応可能であることが明らかとなった。1-(2-メトキシフェニ
ル)ピペラジン (19a) および 1-メチルインドール (13A) を用いた分子間アミノカルボニル
化反応により、A375 (ヒト悪性黒色腫細胞株) への細胞毒性を有するインドールアルカロイ
ド 20a 13) を 1工程、22%の収率で得ることに成功した。また、p38DMAPキナーゼ阻害活性
を有する 20b 14) およびドパミン D4受容体アゴニスト活性を有する 20c 15) も、それぞれ対
応するピペラジン類およびインドール類から合成することに成功した (第 3章第 3節)。 



















な官能基の一つであり、硫酸を用いたカルボキシ基への変換 (21→22) 16e) や、水酸化カリ
ウムを用いたジクロロメチレン基への変換 (21→23) 16e) が報告されている (Scheme 15)。16) 
 





ることによりトリクロロメチルアニオンとして導入する方法 (24→25) 17e) や、四塩化炭素
からパラジウム触媒あるいは過酸化ベンゾイルを用いて、トリクロロメチルラジカルを発
生させ導入する方法 (26→27) 17f, g) が報告されている (Scheme 16)。 
 








る (Scheme 17)。18) 
 



























いる。21b) さらに、第二世代 Grubbs試薬を用いた閉環メタセシス 22) を行い、シクロペンテ
ン環をもつスピロテトラヒドロキノリン1aを 93%の収率で合成した (Scheme 19)。 
 
Scheme 19. Preparation of spirocyclic cyclopentenyltetrahydroquinoline 1a. 
 
次に、合成したシクロペンテン環をもつスピロテトラヒドロキノリン 1aを用いて、トリ
クロロメチルラジカル付加反応を検討した (Scheme 20)。ラジカル開始剤として 8当量のト
リエチルボラン 23) を用いて、クロロホルム中、空気存在下、室温で反応を行うと、少量の
トリクロロメチルラジカル付加体 3aとともに、興味深いことに、塩素原子とカルボニル基




Scheme 20. Trichloromethylation of spirocyclic cyclopentenyltetrahydroquinoline 1a. 
12 
 





Figure 2. Stereochemistry of bicyclic chlorolactam 2a. 
 
 ラクタムは、種々の天然物にも含まれる重要な骨格の一つである (Figure 3)。24) 例えば、
ビンクリスチン耐性 KB (ヒト口腔類表皮癌) 細胞の薬剤耐性を無効化する Leuconodine E
や、A431 (ヒト上皮様細胞癌由来細胞株) への細胞毒性を有する 14,15-Dihydroxygelsenicine
が知られている。さらに、架橋型ラクタム構造を有するアルカロイドとしては、
21-Oxogelsemine 25) や Scholarisine N 26)、細胞毒性および抗菌活性を有する海洋天然物
Haliclonin Aが知られている。 
 











体 3aとともにクロロラクタム 2aが 40%の収率で得られている (entry 1)。次に、トリエチ
ルボラン以外のラジカル開始剤として、8当量のジメチル亜鉛 27) を用いて同様にクロロラ
クタム化反応を行ったところ、興味深いことに、トリクロロメチルラジカル付加体 3aは得
られず、架橋型ラクタム 2aのみが、86%の収率で得られた (entry 2)。また、ジエチル亜鉛 28) 
を用いた場合にもラクタム 2aのみが得られたが、低収率であった (entry 3)。そこで、ラジ
カル開始剤として最適であったジメチル亜鉛の量の低減を検討したが、4 当量のジメチル
亜鉛を用いた場合には、収率が 26%まで低下した (entry 4)。 
 




3%まで低下した (entry 1)。また、ジクロロメタンを用いた場合にはラクタム 2a が得られ
ないことが明らかとなった (entry 2)。これらの結果から、クロロホルムが本反応において
重要な役割を担っていることが示唆された。さらに、厳密な脱酸素条件下では、クロロラ


































まず、トリクロロメチルラジカル付加体 3a を経由してラクタム 2a が生成するかを確認




Scheme 21. Reaction of trichloromethylated spirocyclic tetrahydroquinoline 3a. 
 
 次に、本クロロラクタム化反応の反応点であるアミン部分およびオレフィン部分をそれ
ぞれもたないスピロ化合物 37 および 38 を用いて、ジメチル亜鉛との反応を検討すること
とした。 
まず、文献 29) の方法を参考に、シクロペンテン環をもつスピロテトラリン 37 の合成を
行った (Scheme 22)。すなわち、1-テトラロン (30f) を水素化ナトリウム存在下、アリルブ
ロミドを用いてジアリル化し、2 位に 2 つのアリル基を有するテトラロン誘導体 34 29a) を
65%の収率で合成した。続いて、第二世代 Grubbs試薬を用いた閉環メタセシスにより、シ
クロペンテン環を有する 35 29a) を 99%の収率で得た。その後、DIBALを用いてケトン部分
を還元してアルコール 36とし、トリフルオロ酢酸存在下、トリエチルシランを用いて還元
し、シクロペンテン環をもつスピロテトラリン 37を 2工程、72%の収率で合成した。29b) 
 
Scheme 22. Preparation of spirocyclic cyclopentenyltetralin 37. 
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 次に、シクロペンタン環を有するテトラヒドロキノリン誘導体 38 の合成を行った
(Scheme 23)。すなわち、前節にて合成したシクロペンテン環を有するテトラヒドロキノリ
ン 1aを、水素ガスおよび 10% Pd/Cを用いて接触水素化し、50%の収率で 38を得た。 
 
Scheme 23. Preparation of spirocyclic tetrahydroquinoline 38. 
 




は、2 分子のスピロ化合物が連結した尿素誘導体 39 およびアセトアミド誘導体 40 が、そ
れぞれ 64%、28%の収率で得られた。これらの結果から、本反応の開始段階の 1 つはアミ
ン部分のアシル化であることが示唆された。 
 
Scheme 24. Control experiments. 
 
 以上のことから、本反応ではクロロホルムからホスゲン 30)  が発生することにより、31)  反
応中間体としてカルバモイルクロリド 4aが生成していると考えられる。32) そこで、カルバ
モイルクロリド 4aを生成させるために、クロロホルム中ホスゲン等価体であるトリホスゲ




を停止させた後、クロロホルム抽出により得られた粗生成物の 1H NMRおよび GCMSスペ















ル Aとなり、ジメチル亜鉛により捕捉されペルオキシド Bが生成する。最後に Bの塩素原
子がメチルラジカルにより引き抜かれて分解し、ホスゲンが生成したと考えられる。 
 










Scheme 27. Plausible reaction pathway of chlorolactamization. 
 
なお、酸触媒を用いた酸クロリドとオレフィンとの反応は Kondakov-Darzens反応 35) とし
て知られており、アセチルクロリド 41 を用いてシクロヘキセン 42 にアセチル基および塩
素原子を導入する反応が報告されている (Scheme 28)。35b) さらに、分子内反応への応用も
報告されている。35a) すなわち、カルボン酸 44 をオキサリルクロリドおよびトリフルオロ
メタンスルホン酸銀で処理すると、酸クロリド中間体 45の環化反応が進行し、オキセピノ













































Scheme 29. Preparation of spirocyclic cyclopentenyltetrahydroquinolines 1b-d. 
 
 次に、シクロペンテン環をもつスピロテトラヒドロキノリン 1b-dを用いて、第 2節で見
出した最適条件によるクロロラクタム化反応を検討した (Table 4)。電子供与基として、メ 
 





および 2cが得られた (entries 1 and 2)。また、塩素原子をもつ 1dの場合にもクロロラクタ
ム化反応が進行することが明らかとなった (entry 3)。 
次に、含窒素ヘテロ環部分の環の大きさによる影響を検討するため、シクロペンテン環
を有するスピロ化合物 1e-gの合成を行った (Scheme 30)。ベンゾシクロブタノン 30e、テト




Scheme 30. Preparation of spirocyclic cyclopentenes 1e-g. 
 




Table 5. Chlorolactamization of spirocyclic cyclopentenes 1e-g. 
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ラクタム 2eを高収率で与えることが明らかとなった (entry 1)。また、シクロペンテン環を
もつスピロテトラヒドロベンゾアゼピンおよびスピロヘキサヒドロアゾシンのクロロラク
タム化反応では、中程度の収率でそれぞれ目的のクロロラクタム 2f および 2g が得られた 








































まず、スピロ構造を有さないシクロペンテニルアミン 50a および 50b の合成を行った
(Scheme 31)。アセトフェノン 47aをピリジン中、O-メチルヒドロキシルアミン塩酸塩と脱
水縮合して、オキシムエーテル 48a 38a) を合成した。また、ベンズアルデヒド 47bをメタノー
ル中、酢酸ナトリウム存在下、O-メチルヒドロキシルアミン塩酸塩と脱水縮合して、オキ
シムエーテル 48b 38b) を合成した。次に、第１章第１節と同様の手法を用いて、ドミノ型反
応によるジアリル体 49a 39a) および 49b 39b) の合成と、閉環メタセシスを行い、48aおよび
48bから 3工程で、50aを 73%および 50bを 59%の収率で得た。 
 
Scheme 31. Preparation of cyclopentenylamines 50a and 50b. 
 
 次に、合成したシクロペンテニルアミン類のラクタム化反応を検討した (Table 6)。まず、
アミンの隣接位が四置換炭素であるN-(1-メチル-3-シクロペンテニル)アミン 50aを用いて、 
 





化反応が進行し、目的の架橋型ラクタム 51aが 74%の収率で得られた (entry 1)。このこと
から、本反応には、必ずしもスピロ構造が必要ではないということが明らかとなった。ま
た、アミンの隣接位が三置換炭素であるシクロペンテニルアミン 50b のクロロラクタム化
反応では、目的のクロロラクタム 51bが中程度の収率で得られた (entry 2)。 
 次に、より単純なラクタム骨格の構築を検討するため、鎖状のホモアリルアミン類の合
成を行った。まず、文献 40) の方法を参考に、酢酸ナトリウム存在下、メタノール-水混合
溶媒中、2-ニトロベンゼンスルホニルクロリド (52) を用いて、アニリン (53) の窒素原子
をノシル基で保護して 54 とした後、炭酸カリウム存在下、DMF 中、4-ブロモ-1-ブテンを
用いて N-アルキル化し 55を得た。最後に炭酸カリウム存在下、DMF中、チオフェノール
でノシル基の脱保護を行い、窒素原子上にフェニル基をもつホモアリルアミン 5a 41) を 3
工程 61%の収率で合成した (Scheme 32)。 
 
Scheme 32. Preparation of homoallylic amine 5a. 
 
 次に、文献 42a) の手法を参考に、窒素原子上にベンジル基およびアミンの隣接位にフェニ
ル基を有するホモアリルアミン 5bの合成を行った。すなわち、ベンジルアミン (56) とベ
ンズアルデヒド (47b) をトルエン中、脱水縮合してイミン 57 42b) とした後、THF中、アリ
ル亜鉛を用いてアリル化し、窒素原子上にベンジル基およびアミン隣接位にフェニル基を
有するホモアリルアミン 5b 42a) を 2工程、98%の収率で合成した (Scheme 33)。 
 
Scheme 33. Preparation of homoallylic amine 5b. 
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 さらに、内部オレフィンを有するホモアリルアミン類の合成を行った (Scheme 34)。すな
わち、合成したホモアリルアミン 5a と、アリルベンゼン (58a) またはスチレン (58b) の
第二世代 Grubbs 試薬を用いた交差メタセシス 43) を行い、内部オレフィンを有するホモア
リルアミン 5cおよび 5d 44) をそれぞれ 13%、67%の収率で合成した。 
 
Scheme 34. Preparation of homoallylic amines 5c and 5d. 
 
 次に、合成した鎖状のホモアリルアミン 5aおよび 5bのラクタム化反応を検討した (Table 
7)。まず、窒素原子上にフェニル基を有し、アミンの隣接位が二置換炭素であるホモアリ
ルアミン 5a を空気存在下、クロロホルム中、8 当量のジメチル亜鉛と反応させたところ、
クロロホルム抽出により得られた粗生成物の 1H NMRスペクトルにおいて、目的のクロロ
ラクタム化体 6a とともに、脱塩化水素が進行した化合物の生成が確認された。そこで、
DBUを用いて完全に脱塩化水素を行い、不飽和ラクタム 7a 45) を 2工程、68%の収率で得
た (entry 1)。また、窒素原子上にベンジル基を有し、アミンの隣接位にフェニル基をもつ
5bの場合にも、同様にラクタム化反応が進行することが明らかとなった (entry 2)。46) 
 






クタム 60が得られている (Scheme 35)。 
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とが示唆される (Scheme 36)。すなわち、ホモアリルアミン 5aから系中で発生すると考え
られるカルバモイルクロリド 61aの環化反応において、アシリウムイオンへのオレフィン 
 










なり五員環ラクタム 63が 38%の収率、ジアステレオマー比が 4 : 1で得られた。なお、63
の立体構造については現在のところ明らかになっていない。 




ジルカチオン Sを生成するように進行したためと考えている (Scheme 38)。 
 


















































Scheme 39. Chlorolactamization of 1a. 
 
トリホスゲンはホスゲンの代替として広く用いられており、アミンのカルバモイルクロ
リドへの変換 (64→65) 32b, c) や、第一級アルコールの塩素化反応 (66→67) 48)、ホルムアミ
ドのイソニトリルへの変換 (68→69) 49) などが報告されている (Scheme 40)。 
 












グラフィーにて精製すると、65%の収率、endo : exo = 3 : 1の立体選択性で、クロロラクタ
ム 2aが得られることが明らかとなった (entry 1)。クロロホルム抽出により得られた粗生成
物の 1H NMRおよび GCMSスペクトルにおいて、カルバモイルクロリド 4aおよび少量の
クロロラクタム 2a とともに、原料である 1a の存在が確認されたため、原料を完全に消費
させる目的で、トリホスゲンを 3当量に増量してクロロラクタム化反応を行った (entry 2)。
しかし、1aの消費量が増加されたものの、2aの収率は向上しなかった。そこで、クロロホ
ルム以外の溶媒について検討した (entries 3 and 4)。その結果、ベンゼン中ではクロロラク
タム化反応は良好に進行しなかったものの、ジクロロメタンを用いた場合に 1aが完全に消
費され、クロロラクタム 2aの収率が 75%まで向上した。なお、ジクロロメタン中、トリホ
スゲンを 2当量に減らすと収率が低下した (entry 5)。以上の結果から、entry 4に示した条
件が本反応において最適であった。 
 








を用いた場合 (第 1 章第 2 節) と同様に、カルバモイルクロリド 4a を経由した Prins 型環
化反応により進行していると考えられる。 




ンが脱離して、カルバモイルクロリド 4a が生成する。50) なお、脱離したホスゲンにより















用いて合成した (Scheme 42)。 
 
Scheme 42. Preparation of spirocyclic cyclopentenyltetrahydroquinoline 1h. 
 
 次に、シクロペンテン環をもち、ベンゼン環上に置換基を有するスピロテトラヒドロキ
ノリン 1b-d および 1hを用いて、ジクロロメタン中、トリホスゲンによるクロロラクタム
化反応を検討した (Table 9)。その結果、電子供与基としてメトキシ基またはメチル基をも




Table 9. Chlorolactamization of spirocyclic cyclopentenyltetrahydroquinolines 1b-d, and 1h. 
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 次に、第 1 章第 5 節で合成したホモアリルアミン類を用いて、より単純なラクタム骨格
の合成を検討した。 
 はじめに、鎖状のホモアリルアミン 5a を用いてクロロラクタム化反応を検討した 
(Scheme 43)。5aの 0.05 Mジクロロメタン溶液にトリホスゲンを加え、室温で反応させた
ところ、2分子のホモアリルアミンが連結した尿素誘導体 71が定量的に得られた。 
 
Scheme 43. Reaction of homoallylic amine 5a. 
 
 そこで、分子間反応を抑制する目的で、反応溶液の濃度を 0.01 Mに希釈して、5aのクロ
ロラクタム化反応を検討した。しかし、クロロホルム抽出により得られた粗生成物の 1H 
NMRスペクトルにおいて、カルバモイルクロリド 61aではなく、尿素誘導体 71の生成が
確認された (Table 10, entry 1)。また、環化を促進する目的で、本反応を還流条件下行った
が、目的のクロロラクタム化反応の進行は確認されなかった (entry 2)。 
 
Table 10. Reaction of homoallylic amine 5a. 
 
 次に、ルイス酸の添加を検討した (Table 11)。種々のルイス酸存在下、ホモアリルアミン
5aの 0.01 Mまたは 0.05Mジクロロメタン溶液をトリホスゲンと反応させた後、クロロホ
ルム抽出により得られた粗生成物の 1H NMRスペクトルにおいて、環化反応の進行が確認
されたものについて、DBU で脱塩化水素を行い不飽和ラクタム 7a として単離した。その
結果、三価の鉄および二価の亜鉛が本反応において環化反応の促進に適していることが明




られた (entry 4)。51)以上の結果より、5aの 0.01 M ジクロロメタン溶液に、3当量のトリホ
スゲンとともに 3当量のジエチル亜鉛 52) を添加する条件が最適であることが明らかとなっ
た (entry 16)。 
 
Table 11. Screening of Lewis acids for lactamization of homoallylic amine 5a. 
 
 次に、スピロ構造をもたないシクロペンテニルアミン 50a のクロロラクタム化反応を検
討した (Scheme 44)。ジエチル亜鉛存在下、トリホスゲンによるクロロラクタム化反応を
行ったところ、目的の環化反応が効率良く進行し、架橋型クロロラクタム 51aが 72%の収






































 トリホスゲンを用いたシクロペンテン環をもつスピロテトラヒドロキノリン 1a のクロ
ロラクタム化反応の推定反応経路において、カルボカチオン F が反応中間体として生成し
ていると考えられる。そこで、このカルボカチオン F を Ritter 型反応 11) に利用できれば、
アミノラクタム化反応の開発に展開できると考えた (Scheme 45)。すなわち、溶媒および求
核剤としてニトリル類を用いれば、カルボカチオン Fへの付加によりニトリリウムイオ
ン T が生成し、その後の加水分解によりニトリル由来のアミドの導入されたラクタム 8a
が得られると考えた。 
 



















アミノラクタム化反応    
  
 はじめに、溶媒および求核剤としてアセトニトリルを用いて、シクロペンテン環をもつ
スピロテトラヒドロキノリン 1aと、3当量のトリホスゲンを室温で反応させた (Scheme 46)。
その結果、期待通り窒素原子の導入を伴うアミノラクタム化反応が進行し、アセトアミド
8aAが 48%の収率、endo : exo = 1 : 7の立体選択性で得られた。なお、塩化物イオンが導入
されたクロロラクタムも副生成物として得られた。 
 
Scheme 46. Aminolactamization of 1a with triphosgene and acetonitrile. 
 
 次に、溶媒および求核剤としてプロピオニトリルを用いて、同様にアミノラクタム化反
応を検討したところ、プロピオンアミド 8aBが 35%の収率、endo : exo = 1 : 4の立体選択性
で得られた (Scheme 47)。 
 
Scheme 47. Aminolactamization of 1a with triphosgene and propionitrile. 
 
 なお、アセトアミド基およびプロピオンアミド基を有するアミノラクタム 8aA および
8aB の立体構造に関しては、それぞれ第 1 章第 1 節のクロロラクタム 2a の場合と同様に





























































Scheme 48. Control experiment. 
 
 次に、アミノラクタム化反応の推定反応経路を Scheme 49に示した。はじめに、スピロ
テトラヒドロキノリン 1aとトリホスゲンが反応すると、クロロラクタム化反応と同様にア
シル化が進行してカルバモイルクロリド 4a が生成し、塩化物イオンの脱離による D およ
びアシリウムイオンEの生成と、Prins型環化反応が進行してカルボカチオンFが生成する。
続いて、カルボカチオン Fへニトリルが付加することにより、ニトリリウムイオン Tとな 
 



















































えられる (Scheme 50)。 
 
Scheme 50. Strategy for intramolecular Friedel-Crafts-type carbamoylation. 
 
なお、カルバモイルクロリドを用いた分子内 Friedel-Crafts型反応によるラクタム構築法
は 2例報告されており、いずれも塩化アルミニウムが用いられている (Scheme 51)。53) 
 
Scheme 51. Intramolecular Friedel-Crafts type reaction of carbamoyl chloride. 
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第１節 分子内 Friedel-Crafts型カルバモイル化反応    
 
 はじめに、フェニルエチルアミン類の合成を行った (Scheme 52)。 
文献 54) の方法を参考に、アニリン (52) とスチレン (58b) を用いて、カリウム t-ブトキ
シド存在下、封管中加熱してオレフィンのヒドロアミノ化反応を行い、窒素原子上にフェ
ニル基を有するフェニルエチルアミン 9a 55) を 45%の収率で得た。さらに、文献 56) の方法
を参考に、フェニルアセトアルデヒド (76) とフェニルエチルアミン (77) を硫酸ナトリウ
ム存在下、ジクロロメタン中、脱水縮合した後、水素化ホウ素ナトリウムを用いて還元し、
窒素原子上にベンジル基を有するフェニルエチルアミン 9b 56) を 19%の収率で合成した。 
 
Scheme 52. Preparation of phenylethylamines 9a and 9b. 
 
次に、合成したフェニルエチルアミン 9a,bおよびN-メチル-N-フェニルエチルアミン (9c)
を用いて芳香族カルバモイル化反応を検討した (Table 13)。N-フェニルエチルアニリン 9a
を、第 1章第 1節で見出したクロロラクタム化反応と同様に、空気存在下、クロロホルム
中、ジメチル亜鉛と反応させると、期待通りカルバモイルクロリドへの芳香環の求核攻撃
が進行したと考えられるジヒドロイソキノリノン 11a 57) が 72%の収率で得られた (entry 1)。 
 
Table 13. Me2Zn-mediated intramolecular Friedel-Crafts-type carbamoylation of 9a-c. 
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さらに、窒素原子上にベンジル基およびメチル基を有するアルキルアミン 9b および 9c を
用いた場合にも、同様に芳香族カルバモイル化反応が進行し、それぞれ目的のジヒドロイ
ソキノリノン 11b 58) および 11c 59) が良い収率で得られた (entries 2 and 3)。 
 なお、第 2 章第 1 節で見出した、ジクロロメタン中、ジエチル亜鉛存在下、トリホスゲ
ンを用いるクロロラクタム化反応の手法においても、同様に Friedel-Crafts型カルバモイル
化反応が進行することが明らかとなった (Scheme 53)。 
 
































行すると考えられる (Scheme 54)。 
Scheme 54. Strategy for intermolecular Friedel-Crafts-type carbamoylation. 
 
 カルバモイル基をもつインドール類およびピロール類は天然物にも含まれる重要な構造
の一つであり、Figure 5 に示したように、インドールアルカロイド Kingamide A、
Leptoclinidamine C 60) および Scholarisine N、ピロール-イミダゾールアルカロイド Oroidinお
よびその類縁体などに含まれている。 




HMG-CoA 還元酵素阻害剤 Atorvastatin (リピトール®) 61) や、医薬品候補化合物である
RO5028442 62) が知られている (Figure 6)。 
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Figure 6. Drug and drug candidate containing carbamoylated indole and pyrrole. 
 
 なお、インドールのカルバモイル化反応には、Scheme 55に示したようにインドールのア
シル化後、アミンによる求核アシル置換反応を行う手法 (80→81→82→83) 63) や、尿素誘導






芳香族カルバモイル化反応を行うことのできる新たな手法となる。      
 





 はじめに、テトラヒドロキノリン 12a と 1-メチルインドール (13A) を用いて、分子間
Friedel-Crafts型カルバモイル化反応の最適条件について検討した (Table 14)。まず、テトラ
ヒドロキノリン 12aおよび 1-メチルインドール (13A) をそれぞれ 1当量用いて、空気存在
下、クロロホルム中、8当量のジメチル亜鉛とのアミノカルボニル化反応を行ったところ、
目的の 15aAが 18%と低収率ながら得られた (entry 1)。なお、カルバモイル化反応はイン
ドール環の 3 位にのみに進行した。次に、1-メチルインドールによる求核攻撃を促進する
目的で、13Aの増量および反応時間の延長を試みた (entries 2-5)。その結果、4当量の 13A
を用いて 48時間、ジメチル亜鉛との反応を行うと、カルバモイル化体 15aAが 93%の収率
で得られることが明らかとなった (entry 5)。なお、ジメチル亜鉛を 6当量に低減すると、
収率の低下がみられた (entry 6)。以上の結果から、entry 5に示した条件が本反応において
最適であることが明らかとなった。 
 











 はじめに、種々の環状アミン 12b-fと 1-メチルインドール (13A) を用いて、前項で見出
した最適条件による Friedel-Crafts型カルバモイル化反応を検討した (Scheme 56)。まず、テ
トラヒドロイソキノリン 12b を用いたところ、目的の 15bA が中程度の収率で得られた。
脂肪族環状アミンとしてピペリジン 12cだけでなく、ピロリジン 12d およびヘキサメチレ
ンイミン 12eを用いた場合にもアミノカルボニル化反応が進行した。66) さらに、酸素原子





Scheme 56. Intermolecular Friedel-Crafts-type carbamoylation with various cyclic amines. 
 
次に、種々の鎖状アミン 12g-m と 1-メチルインドール (13A) との Friedel-Crafts 型カル
バモイル化反応を検討した (Scheme 57)。まず、アニリン誘導体 12gについて検討したとこ
ろ、目的のカルバモイル化体 15gA 68) が 47%の収率で得られた。次に、脂肪族アミン 12h-j
と 13Aを用いて本反応を検討したところ、いずれの場合も中程度の収率で目的のカルバモ







Scheme 57. Intermolecular Friedel-Crafts-type carbamoylation with various acyclic amines. 
 
 次に、インドール環上の置換基効果を検討するため、インドール類の合成を行った 
(Scheme 58)。まず、文献 70a, b) の方法を参考に、5位に置換基をもつインドール類 85Dおよ
び 85F を、それぞれ DMF 中、水素化ナトリウム存在下、ヨウ化メチルと反応させること
で N-メチル化し、13D 70c) および 13F 70b) を合成した。さらに、文献 71) の方法を参考に、合
成した 1-メチル-5-ブロモインドール (13F) の臭素原子をメトキシ基へと変換し 13E 70c) を
合成した。 
 
Scheme 58. Preparation of 1,5-disubstituted indole derivatives. 
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次に、テトラヒドロキノリン 12aとインドール類 13B-Fとの分子間 Friedel-Crafts型カル
バモイル化反応を検討した (Scheme 59)。まず、無保護のインドール (13B) とのカルバモ
イル化反応を検討した。その結果、期待通りインドール環の 3 位にのみカルバモイル化反




目的の 15aDおよび 15aEをそれぞれ 49%、43%の収率で与えた。また、ハロゲンとして臭
素原子をもつ場合にもカルバモイル化反応は進行し 15aFが 37%の収率で得られた。 
 
Scheme 59. Intermolecular Friedel-Crafts-type carbamoylation with various indole derivatives. 
 
 さらに、インドール以外の芳香環としてピロール類を用いたカルバモイル化反応を検討
するため、窒素原子上に置換基を有するピロール 16Cおよび 16Dの合成を行った (Scheme 




る 16C 72) を得た。次に、文献 72) の方法を参考にして、16Bを DMAP存在下、アセトニト
リル中、Boc2Oを用いて N-Boc化し 63%の収率で窒素原子上に t-ブトキシカルボニル基を
有する 16D 72) を得た。 
 
Scheme 60. Preparation of pyrrole derivatives. 
 
 次に、テトラヒドロキノリン 12aとピロール 16A-Dのアミノカルボニル化反応を検討し
た (Table 15)。はじめに、テトラヒドロキノリン 12aと 1-メチルピロール (16A) を用いて
最適条件下アミノカルボニル化反応を検討した (entry 1)。その結果、期待通り Friedel-Crafts
型カルバモイル化反応が進行したものの、その位置選択性は発現せず、2位置換体 17aAお
よび 3位置換体 18aAが合わせて 70%の収率、17 : 18 = 1 : 1で得られた。次に、無保護のピ
ロール (16B) のカルバモイル化反応を行った。その結果、カルバモイル化体 17aBおよび 
 
Table 15. Intermolecular Friedel-Crafts-type carbamoylation with various pyrrole derivatives. 
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 まず、A375 (ヒト悪性黒色腫細胞株) への細胞毒性を有する海洋由来菌類 Aspergillus 
sydowii SCSIO 00305由来インドールアルカロイド 20a 13) の合成を検討した (Scheme 61)。




Scheme 61. Synthesis of indole alkaloid 20a. 
 
 次に、p38DMAPキナーゼ阻害活性を有する 20b 14)の合成を検討した (Scheme 62)。まず、
ピペラジン (86) をジクロロメタン中、ベンジルブロミドを用いてモノアルキル化し、N-
ベンジルピペラジン 19b 73b) を 80%の収率で得た。73a) 次に、合成した 19bを用いて、無保
護のインドール (13B) とのアミノカルボニル化反応を検討したところ、20bを 50%の収率
で得ることに成功した。 
 
Scheme 62. Synthesis of 20b. 
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 最後に、ドパミン D4受容体アゴニスト活性を有する 20c 15) の合成を行った (Scheme 63)。
すなわち、インドール (13B) を DMSO 中、水酸化カリウム存在下、ベンジルブロミドを
用いてアルキル化し、N-ベンジルインドール (13G) 70b) を 93%の収率で合成した。74) 次に、





































ル化、Prins 型環化反応および Ritter 型反応の連動するアミノアラクタム化反応の開発
に成功した。 
③ アミンおよびインドール類またはピロール類を用いる Friedel-Crafts 型カルバモイル化
反応を開発した。さらに、本反応を応用して、A375 (ヒト悪性黒色腫細胞株) への細胞
毒性を有するアルカロイド 20a、p38DMAP キナーゼ阻害活性を有する 20b およびドパ



















第 4章 実験の部 
 
Melting points (uncorrected) were determined on BÜCHI M-565 or Yanaco NP-S3. IR spectra were 
obtained on a Parkin Elmer SpectrumOne A spectrometer. NMR spectra were recorded at 300 
MHz/75 MHz (1H NMR/13C NMR), 500 MHz/125 MHz (1H NMR/13C NMR) or 600 MHz/150 
MHz (1H NMR/13C NMR) using Varian Gemini-300 (300 MHz), Varian MERCURY plus 300 (300 
MHz), Varian NMR system AS 500 (500 MHz) or Bruker Avance III HD (600 MHz) spectrometers. 
Chemical   shifts   (δ)   are   reported in ppm with the solvent resonance or tetramethylsilane as the 
internal standard. High-resolution mass spectra were obtained by EI, ESI or APCI methods on a 
Hitachi M-4100 or Thermo Fisher Scientific Exactive. Low-resolution mass spectra were obtained 
by EI method on a Shimadzu GCMS-QP2010. Flash column chromatography was performed using 
E. Merck Kieselgel 60 (230-240 mesh). Medium-pressure column chromatography was performed 
using Lobar größe B (E. Merck 310-25, Lichroprep Si60). Preparative TLC separation was carried 
out on precoated silica gel plates (E. Merck 60F254). CHCl3 (stabilized by amylene for HPLC, Cat. 
No. 07278-1B) and Me2Zn (1.0 M n-hexane solution, Cat. No. 11384-25) were purchased from 
Kanto Chemical Co., Inc. Unless otherwise stated, all the reagents and solvents were used as 
























General procedure for the preparation of oxime ether 31 (General procedure A). To a solution 
of ketone 30 (10 mmol) in MeOH (100 mL) were added MeONH2･HCl (1.7 g, 20 mmol) and 
AcONa (1.7 g, 20 mmol) under a nitrogen atmosphere at room temperature. After being stirred at 
the same temperature for 3 h, the reaction mixture was concentrated under reduced pressure. The 
residue was diluted with H2O and extracted with CHCl3. The organic phase was washed with H2O, 
dried over MgSO4 and concentrated under reduced pressure. Purification of the residue by flash 
column chromatography (hexane : AcOEt = 20 : 1) afforded oxime ether 31 in yield shown in 
Scheme 19, 29, 30, 42.  
 
2,3-Dihydro-1H-inden-1-one O-Methyloxime (31a) [Scheme 19]. According to the general 
procedure A, oxime ether 31a was prepared from 1-indanone (30a). E-31a. A colorless oil; IR 
(neat): 2938 cm-1; 1H-NMR (300 MHz, CDCl3)  δ: 7.69 (1H, d, J = 7.5 Hz), 7.35-7.20 (3H, m), 3.98 
(3H, s), 3.05-2.95 (2H, m), 2.95-2.80 (2H, m); 13C-NMR (75 MHz, CDCl3)  δ: 162.6, 148.1, 136.0, 
130.1, 126.8, 125.4, 121.4, 61.9, 28.4, 26.2; HRMS (ESI) m/z: calcd for C10H12NO [M+H]+ 
162.0913, found 162.0917. Z-31a. A colorless oil; IR (neat): 2936 cm-1; 1H-NMR (300 MHz, 
CDCl3)  δ:  8.30  (1H,  d,  J = 7.5 Hz), 7.39-7.21 (3H, m), 3.99 (3H, s), 3.10-3.00 (2H, m), 2.88-2.80 
(2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  159.5,  149.3,  133.7,  130.9,  129.2,  126.6,  125.4, 62.1, 28.9, 
28.5; HRMS (ESI) m/z: calcd for C10H12NO [M+H]+ 162.0913, found 162.0922. 
 
General procedure for the preparation of diallylated compound 32 (General procedure B). To 
a solution of oxime ether 31 in CH2Cl2 (0.1 mol/L) was added allyl magnesium bromide (4 eq.) at 
room temperature, and the reaction mixture was stirred at the same temperature under a nitrogen 
atmosphere. After completion of the reaction (TLC monitoring), the reaction mixture was diluted 
with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated 
under reduced pressure. Purification of the residue by flash column chromatography (hexane : 
AcOEt = 20 : 1) afforded corresponding diallylated product 32 in yield shown in Scheme 19, 29, 30, 
42.  
 
1,2,3,4-Tetrahydro-2,2-di-(2-propen-1-yl)quinoline (32a) [Scheme 19]. According to the general 
procedure B, diallyltetrahydroquinoline 32a was prepared from 2,3-dihydro-1H-inden-1-one 
O-methyloxime (31a). A colorless oil; IR (neat): 3410, 3008, 1606, 1482 cm-1; 1H NMR (300 MHz, 
CDCl3)  δ:  6.97  (1H,  br  d,  J = 7.0 Hz), 6.96 (1H, br t, J = 7.0 Hz), 6.60 (1H, br t, J = 7.0 Hz), 6.46 
(1H, br d, J = 7.0 Hz), 5.95-5.78 (2H, m), 5.18-5.05 (4H, m), 3.80 (1H, br s), 2.75 (2H, t, J = 7.0 
Hz), 2.28 (2H, dd, J = 14.0, 7.0 Hz), 2.18 (2H, dd, J = 14.0, 7.0 Hz), 1.73 (2H, t, J = 7.0 Hz); 13C 
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NMR (75 MHz, CDCl3)  δ:  143.4,  133.3,  129.1,  126.6,  120.0,  118.5,  116.7, 114.3, 52.8, 42.5, 30.1, 
23.2; HRMS (EI) m/z: calcd for C15H19N [M]+ 213.1517, found 213.1520. 
 
General procedure for the preparation of spirotetrahydroquinoline 1 (General procedure C). 
Grubbs second-generation catalyst (1.0 mol%) was added to a solution of diallylated product 32 in 
CH2Cl2 or toluene (0.1 mol/L) under an argon atmosphere, and the reaction mixture was then heated 
at reflux. After completion of the reaction (TLC monitoring), the solvent was removed under 
reduced pressure and the residue was purified by flash column chromatography (hexane : AcOEt = 
20 : 1) afforded corresponding spirotetrahydroquinoline 1 in yield shown in Scheme 19, 29, 30, 42.  
 
3’,4’-Dihydro-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1a) [Scheme 19]. According to the 
general procedure C, spirotetrahydroquinoline 1a was prepared from diallylated product 32a. A 
colorless oil; IR (neat): 3379, 2922, 1607, 1477 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.02-6.91 (2H, 
m), 6.61 (1H, td, J = 7.5, 1.0 Hz), 6.42 (1H, dd, J = 7.5, 1.0 Hz), 5.72 (2H, br s), 4.05 (1H, br s), 
2.83 (2H, t, J = 7.0, Hz), 2.50-2.35 (4H, m), 1.91 (2H, t, J = 7.0 Hz); 13C NMR (75 MHz, CDCl3)  δ:  
143.7, 129.1, 128.6, 126.5, 120.2, 116.8, 114.4, 59.8, 46.4, 32.4, 24.7; HRMS (ESI) m/z: calcd for 
C13H16N [M+H]+ 186.1277, found 186.1271. 
 
Trichloromethylation of 1a with Et3B [Scheme 20]. 1a (55.5 mg, 0.3 mmol) was dissolved in 
CHCl3 (3.0 mL) under air atmosphere. Et3B (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the 
solution of 1a in CHCl3 under a nitrogen atmosphere at room temperature. After the reaction 
mixture was stirred at the same temperature for 5 h, Et3B (1.0 M in hexane, 1.2 mL, 1.2 mmol) was 
added. After being stirred at room temperature for 24 h, the reaction mixture was diluted with sat. 
NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under 
reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded 
3a (10.8 mg, 12%) as a colorless oil, endo-2a (22.8 mg, 31%) as colorless crystals and exo-2a (7.0 
mg, 9%) as a colorless oil. 
 
3’,4’-Dihydro-3-trichloromethyl-spiro[cyclopentane-1,2’(1’H)-quinoline] (3a). A colorless oil; 
IR (neat): 3397, 2927, 1607, 1484 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.01  (1H,  d,  J = 7.5 Hz), 
7.00 (1H, t, J = 7.5 Hz), 6.65 (1H, t, J = 7.5 Hz), 6.48 (1H, d, J = 7.5 Hz), 3.81 (1H, br s), 3.50-3.37 
(1H, m), 2.90-2.74 (2H, m), 2.29-1.74 (8H, m); 13C NMR (75 MHz, CDCl3)  δ:  143.2,  129.4,  126.8,  
120.6, 117.3, 114.6, 61.0, 60.1, 43.2, 39.1, 32.7, 28.0, 24.9; HRMS (APCI) m/z: calcd for 






(endo-2a). Colorless crystals; Mp: 130-133 °C (hexane-CHCl3). IR (CHCl3): 2929, 1710 cm-1. 1H 
NMR (500 MHz, CDCl3)  δ: 8.58 (1H, br d, J = 8.0 Hz), 7.23 (1H, br t, J = 8.0 Hz), 7.14 (1H, br d, J 
= 8.0 Hz), 7.00 (1H, br t, J = 8.0 Hz), 4.61 (1H, dt, J = 9.0, 5.0 Hz), 3.17-3.13 (1H, m), 2.92-2.77 
(2H, m), 2.36 (1H, dd, J = 13.0, 9.0 Hz), 2.16-2.02 (4H, m), 1.77 (1H, d, J = 13.5 Hz); 13C NMR 
(125 MHz, CDCl3)  δ: 171.1, 135.2, 128.7, 127.6, 124.6, 123.0, 118.8, 67.5, 53.9, 53.8, 44.2, 43.4, 
27.3, 25.5; HRMS (ESI) m/z: calcd for C14H15NO35Cl [M+H]+ 248.0837, found 248.0837. 
 
(2R*,3S*,4aR*)-3-Chloro-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin-1-one 
(exo-2a). A colorless oil; IR (neat): 2945, 1712 cm-1; 1H NMR (500 MHz, CDCl3)  δ:  8.44  (1H,  br  d,  
J = 7.5 Hz), 7.21 (1H, br t, J = 7.5 Hz), 7.14 (1H, br d, J = 7.5 Hz), 7.00 (1H, td, J = 7.5, 1.0 Hz), 
4.34 (1H, br d, J = 8.0 Hz), 3.09 (1H, br s), 2.92-2.76 (2H, m), 2.63 (1H, ddd, J = 14.0, 8.0, 2.5 Hz), 
2.34 (1H, dd, J = 10.0, 1.5 Hz), 2.21-2.15 (2H, m), 2.05-2.00 (1H, m), 1.95 (1H, dd, J = 14.0, 3.0 
Hz); 13C NMR (125 MHz, CDCl3)   δ:   171.8,  135.0,  128.9,  127.5,  124.9,  123.3, 118.7, 68.5, 56.1, 


























Chlorolactamization of 1a with Me2Zn [Table 2, entry 2]. 1a (92.3 mg, 0.5 mmol) was dissolved 
in CHCl3 (5.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 1.0 mL, 1.0 mmol) was added 4 
times at 2 h intervals to the solution of 1a in CHCl3 under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (80.5 mg, 65%) and exo-2a (25.8 mg, 21%). 
 
Chlorolactamization of 1a with Et2Zn [Table 2, entry 3]. 1a (92.3 mg, 0.5 mmol) was dissolved 
in CHCl3 (5.0 mL) under air atmosphere. Et2Zn (1.0 M in hexane, 1.0 mL, 1.0 mmol) was added 4 
times at 2 h intervals to the solution of 1a in CHCl3 under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (19.9 mg, 16%) and exo-2a (25.1 mg, 20%). 
 
Chlorolactamization of 1a with Me2Zn [Table 2, entry 4]. 1a (55.5 mg, 0.3 mmol) was dissolved 
in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was added 2 
times at 5 h intervals to the solution of 1a in CHCl3 under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (11.4 mg, 15%) and exo-2a (8.1 mg, 11%). 
 
Chlorolactamization of 1a with Me2Zn in CCl4 [Table 3, entry 1]. 1a (55.5 mg, 0.3 mmol) was 
dissolved in CCl4 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was 
added 4 times at 2 h intervals to the solution of 1a in CCl4 under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (1.6 mg, 2%) and exo-2a (0.9 mg, 1%). 
 
Chlorolactamization of 1a with Me2Zn in CH2Cl2 [Table 3, entry 2]. 1a (55.5 mg, 0.3 mmol) was 
dissolved in CH2Cl2 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) 
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was added 4 times at 2 h intervals to the solution of 1a in CH2Cl2 under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded no desired product, with large amount of recovered 1a.  
 
Reaction of 1a with Me2Zn under strictly deoxygenated condition [Table 3, entry 3]. A solution 
of 1a (55.5 mg, 0.3 mmol) in CHCl3 (3.0 mL) was deoxygenated by three Freeze-Pump-Thaw 
cycles under an argon atomosphere. Me2Zn (1.0 M in hexane, 1.0 mL, 1.0 mmol) was added 4 times 
at 2 h intervals to the solution of 1a in CHCl3 at room temperature. After being stirred at the same 
temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with CHCl3. 
The organic phase was dried over MgSO4 and concentrated under reduced pressure. This reaction 




























Reaction of 3a under optimized condition (Table 2, entry 2) [Scheme 21]. 3a (15.2 mg, 0.05 
mmol) was dissolved in CHCl3 (0.5 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.1 mL, 
0.1 mmol) was added 4 times at 2 h intervals to the solution of 3a in CHCl3 under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction 
mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by preparative TLC 
(hexane : AcOEt = 5 : 1) to afford 33a (4.5 mg, 26%). 
 
1-(3’,4’-Dihydro-3-trichloromethylspiro[cyclopentane-1,2’-(1’H)-quinolin]-1’-yl)ethanone 
(33a). A white solid; IR (CHCl3): 1647, 1490 cm-1; 1H NMR (500 MHz, CDCl3) δ: 7.17 (1H, td, J = 
4.5, 1.0 Hz), 7.15 (1H, d, J = 4.5 Hz), 7.10 (1H, td, J = 4.5, 0.5 Hz), 6.99 (1H, d, J = 4.5 Hz), 3.93 
(1H, dtd, J = 6.5, 5.5, 4.0 Hz), 2.79-2.71 (2H, m), 2.64 (2H, t, J = 3.5 Hz), 2.25 (1H, dt, J = 8.0, 4.0 
Hz), 2.15 (3H, s), 2.01-1.96 (1H, m), 1.91-1.81 (3H, m), 1.73 (1H, ddd, J = 7.5, 4.5, 1.0 Hz); 13C 
NMR (125 MHz, CDCl3) δ: 171.8, 139.5, 135.6, 127.2, 126.1, 125.3, 125.0, 103.7, 68.3, 60.8, 42.8, 
41.2, 36.5, 29.7, 26.0; HRMS (ESI) m/z: calcd for C16H19NO35Cl3 [M+H]+ 346.0527, found 
346.0528. 
 
2,2-Diallyl-3,4-dihydronaphthalen-1(2H)-one (34) [Scheme 22]. 29a) 1-Tetralone (30f) (500.0 mg, 
3.42 mmol) and allyl bromide (0.72 mL, 8.55 mmol) were added to a solution of NaH (342.0 mg, 
8.55 mmol) in dry THF (7.0 mL) under a nitrogen atmosphere at room temperature. After being 
stirred at the same temperature for 3 h, NaH (170 mg, 4.3 mmol) was added to the reaction mixture. 
The reaction mixture was allowed to stir at the same temperature for 24 h, the reaction mixture was 
diluted with AcOEt and H2O, extracted with Et2O. The organic phase was washed with H2O and 
brine, dried over MgSO4 and concentrated under reduced pressure. Purification of the residue by 
flash column chromatography (hexane : AcOEt = 20 : 1) afforded 34 (500.5 mg, 65%). The spectral 
data were identical with those reported in the literature.29a) 
 
3’,4’-Dihydro-spiro[3-cyclopentene-1,2’(1’H)-naphthalen]-1’-one (35) [Scheme 22]. 29a) Grubbs 
second-generation catalyst (3.8 mg, 1.0 mol%) was added to a solution of diallylated product 34 
(101.7 mg, 0.45 mmol) in CH2Cl2 (9.0 mL) under an argon atmosphere, and the reaction mixture 
was then heated at reflux. After completion of the reaction (TLC monitoring, 1 h), the solvent was 
removed under reduced pressure and the residue was purified by flash column chromatography 




3’,4’-Dihydro-spiro[3-cyclopentene-1,2’(1’H)-naphthalene] (37) [Scheme 22]. 29b) To a solution 
of ketone 35 (88.0 mg, 0.44 mmol) in CH2Cl2 (9.0 mL) was added a solution of DIBAL (1.0 M in 
hexane, 1.32 mL, 1.32 mmol) under a nitrogen atmosphere at -78°C. After being stirred at the same 
temperature for 15 min, the reaction mixture was quenched with MeOH, then added a saturated 
Rochelle’s salt solution. After being stirred at room temperature for 2 h, the reaction mixture was 
extracted with AcOEt and washed with brine. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. To a solution of the residue in CH2Cl2 (9.0 mL) was added 
Et3SiH (0.58 ml, 3.65 mmol) followed by CF3CO2H (0.14 ml, 1.82 mmol) dropwise at 0 °C under a 
nitrogen atmosphere. After being stirred at room temperature for 15 min, the reaction mixture was 
diluted with a saturated aqueous NaHCO3 solution with vigorous stirring, extracted with CH2Cl2 
and washed with brine. The organic phase was dried over MgSO4 and concentrated under reduced 
pressure. Purification of the residue by flash column chromatography (hexane : AcOEt = 20 : 1) 
afforded 37 (58.3 mg, 72%). A colorless oil; IR (neat): 3052, 3013, 2918, 2836 cm-1; 1H NMR (300 
MHz, CDCl3)  δ: 7.10-6.97 (4H, m), 5.64 (2H, s), 2.87 (2H, t, J = 6.5 Hz), 2.72 (2H, s), 2.33-2.12 
(4H, m), 1.80 (2H, t, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ: 136.3, 135.9, 129.6, 129.0, 128.7, 
125.44, 125.36, 44.8, 42.9, 40.9, 34.4, 27.3; LRMS (EI) m/z: 184 (M+, 71), 130 (base, 100). 
 
3’4’-dihydro-spiro[cyclopentene-1,2’(1’H)-quinoline] (38) [Scheme 23]. A solution of 1a (100.0 
mg, 0.54 mmol) in MeOH (150 mL) was passed through a 10% Pd/C cartridge under hydrogen (1 
atm) by means of H-cube (1.0 mL/min) at room temperature. The reaction mixture was concentrated 
under reduced pressure. Purification of the residue by flash column chromatography (hexane : 
AcOEt = 20 : 1) afforded 38 (50.9 mg, 50%). A colorless oil; IR (neat): 2957, 1606, 1481 cm-1; 1H 
NMR (300 MHz, CDCl3)  δ:  6.98 (1H, d, J = 8.0 Hz), 6.95 (1H, d, J = 8.0 Hz), 6.61 (1H, t, J = 7.5 
Hz), 6.47 (1H, d, J = 7.5 Hz), 3.91 (1H, br s), 2.79 (2H, t, J = 6.5 Hz), 1.79 (2H, t, J = 6.5 Hz), 
1.75-1.62 (8H, m); 13C NMR (75 MHz, CDCl3)  δ:  143.8, 129.2, 126.6, 121.0, 116.9, 114.5, 60.8, 
39.5, 32.5, 32.4, 25.0, 23.7; HRMS (ESI) m/z: calcd for C13H18N [M+H]+ 188.1434, found 
188.1434. 
 
Reaction of spirotetraline 37 with Me2Zn [Scheme 24]. 37 (39.3 mg, 0.21 mmol) was dissolved in 
CHCl3 (4.2 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.42 mL, 0.42 mmol) was added 4 
times at 2 h intervals to the solution of 37 in CHCl3 under a nitrogen atmosphere at room temperature. 
After being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl 
and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced 





Reaction of spirotetrahydroquinoline 38 with Me2Zn [Scheme 24]. 38 (29.0 mg, 0.155 mmol) 
was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.31 mL, 0.31 
mmol) was added 4 times at 2 h intervals to the solution of 38 in CHCl3 under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction 
mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by preparative TLC 
(hexane : AcOEt = 20 : 1) to afford 39 (19.9 mg, 64%) as a colorless oil and 40 (10.1 mg, 28%) as a 
colorless oil.  
  
Bis(3’,4’-dihydrospiro[cyclopentane-1,2’-(1’H)-quinolin]-1’-yl)-methanone (39). A colorless 
oil; IR (neat): 2944, 1652, 1583, 1490 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  6.96  (2H,  d,  J = 8.0 Hz), 
6.83 (2H, dt, J = 8.0, 4.0 Hz), 6.63 (4H, d, J = 4.0 Hz), 2.80-2.60 (4H, m), 2.38-3.25 (4H, m), 
2.14-1.96 (6H, m), 1.80-1.70 (2H, m), 1.68-1.58 (4H, m), 1.50-1.30 (4H, m); 13C NMR (75 MHz, 
CDCl3)  δ:  158.7,  141.0,  134.0,  126.0,  125.5,  122.3,  122.1,  68.0,  41.8,  39.8,  34.8,  25.9,  24.5; HRMS 
(ESI) m/z: calcd for C27H33N2O [M+H]+ 401.2587, found 401.2585. 
 
1-(3’,4’-Dihydrospiro[cyclopentane-1,2’-(1’H)-quinolin]-1’-yl)ethanone (40). A colorless oil; IR 
(neat): 2944, 1660, 1488 cm-1; 1H NMR (500 MHz, CDCl3)  δ:  7.16-7.07 (3H, m), 7.00 (1H, d, J = 
5.0 Hz), 2.65 (2H, t, J = 3.5 Hz), 2.43-2.36 (2H, m), 2.09 (3H, s), 2.00-1.90 (2H, m), 1.85 (2H, t, J 
= 3.5 Hz), 1.62-1.56 (4H, m); 13C NMR (125 MHz, CDCl3)  δ:  171.6,  140.8,  135.9,  127.2,  125.9,  
125.7, 124.9, 69.2, 39.6, 37.5, 26.05, 26.00, 24.8; HRMS (ESI) m/z: calcd for C15H20NO [M+H]+ 
230.1540, found 230.1536. 
 
Reaction of 1a with triphosgene [Scheme 25]. Triphosgene (130.6 mg, 0.44 mmol) was added to a 
solution of 1a (41.0 mg, 0.22 mmol) in CHCl3 (4.4 mL) under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure.  
1H NMR and GCMS analyses of the crude product indicated the generation of carbamoyl chloride 
intermediate 4a. 3’,4’-Dihydro-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline]-1’-carbonyl chloride 
(4a). 1H NMR (300 MHz, CDCl3)  δ:  7.40-7.35 (1H, m), 7.23-7.08 (1H, m), 5.64 (2H, s), 3.03 (2H, d, 
J = 16.0 Hz), 2.76 (2H, t, J = 6.0 Hz), 2.37 (2H, d, J = 15.0 Hz), 2.02 (2H, t, J = 6.0 Hz); LRMS 
(EI) m/z: 247 (M+, 13), 212 (base, 100). 
Purification of the residue by flash column chromatography (hexane : AcOEt = 5 : 1) afforded 






Procedure for the preparation of 1b [Scheme 29]. According to the general procedure A, B and C, 
1b was prepared from 30b via 31b and 32b in yields shown in Scheme 29. 
 
2,3-Dihydro-5-methoxy-1H-inden-1-one O-Methyloxime (31b). E-31b/Z-31b=4/1. E-31b. White 
powder; Mp: 72-76 °C (hexane-Et2O); IR (CHCl3): 2939 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.60  
(1H, br d, J = 9.0 Hz), 6.84-6.78 (2H, m), 3.96 (3H, s), 3.82 (3H, s), 3.03-2.95 (2H, m), 2.92-2.84 
(2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  162.1,  161.6,  150.2,  128.6,  122.3,  114.1,  109.5,  61.6,  55.2,  
28.5, 26.6; HRMS (ESI) m/z: calcd for C11H14NO2 [M+H]+ 192.1019, found 192.1020; Anal. calcd 
for C11H13NO2: C, 69.09; H, 6.85; N, 7.32. found: C, 68.90; H, 6.56; N, 7.32. Z-31b. White powder; 
Mp: 69-71 °C (hexane-Et2O); IR (CHCl3): 2939 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  8.22  (1H,  br  d,  
J = 9.0 Hz), 6.83-6.75 (2H, m), 3.96 (3H, s), 3.83 (3H, m), 3.06-2.95 (2H, m), 2.88-2.80 (2H, m); 
13C-NMR (75 MHz, CDCl3)   δ:   161.8,   158.8,   151.7,   130.3,   126.9,   113.1,   109.6,   61.7,   55.1,   29.1,  
28.6; HRMS (ESI) m/z: calcd for C11H14NO2 [M+H]+ 192.1019, found 192.1020; Anal. calcd for 
C11H13NO2: C, 69.09; H, 6.85; N, 7.32. found: C, 68.84; H, 6.55; N, 7.32. 
 
1,2,3,4-Tetrahydro-6-methoxy-2,2-di-(2-propen-1-yl)quinoline (32b). A colorless oil; IR (neat): 
3375, 2931, 1505 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  6.64-6.56 (2H, m), 6.42 (1H, br d, J = 8.0 
Hz), 5.94-5.78 (2H, m), 5.18-5.04 (4H, m), 3.72 (3H, s), 3.56 (1H, br s), 2.73 (2H, t, J = 7.0 Hz), 
2.26 (2H, dd, J = 14.0, 7.0 Hz), 2.17 (2H, dd, J = 14.0, 8.0 Hz), 1.72 (2H, t, J = 7.0 Hz); 13C NMR 
(75 MHz, CDCl3)  δ:  151.6,  137.5,  133.4,  121.4,  118.5, 115.5, 114.4, 113.0, 55.6, 52.9, 42.2, 30.2, 
23.6; HRMS (ESI) m/z: calcd for C16H22NO [M+H]+ 244.1696, found 244.1693. 
 
3’,4’-Dihydro-6’-methoxy-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1b). A colorless oil. IR 
(neat): 3383, 2933, 1505, 1469 cm-1. 1H NMR (300 MHz, CDCl3)  δ:  6.63-6.56 (2H, m), 6.44-6.37 
(1H, m), 5.72 (2H, br s), 3.73 (3H, s), 2.82 (2H, t, J = 7.0 Hz), 2.49-2.33 (4H, m), 1.91 (2H, t, J = 
7.0 Hz); 13C NMR (75 MHz, CDCl3)  δ:  151.8,  137.9,  128.7,  121.8,  115.9,  114.4,  112.9,  60.1,  55.7,  
46.1, 32.6, 25.1; HRMS (EI) m/z: calcd for C14H17NO [M]+ 215.1309, found 215.1325. 
 
Procedure for the preparation of 1c [Scheme 29]. According to the general procedure A, B and C, 
1c was prepared from 30c via 31c and 32c in yields shown in Scheme 29. 
 
2,3-Dihydro-6-methyl-1H-inden-1-one O-Methyloxime (31c). E-31c/Z-31c=6/1. E-31c. A 
colorless oil; IR (neat): 2940 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.51  (1H,  s),  7.21-7.10 (2H, m), 
3.98 (3H, s), 3.01-2.93 (2H, m), 2.90-2.83 (2H, m), 2.35 (3H, s); 13C-NMR (75 MHz, CDCl3)  δ:  
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162.8, 145.4, 136.7, 136.2, 131.3, 125.2, 121.7, 61.9, 28.1, 26.6, 21.1; HRMS (ESI) m/z: calcd for 
C11H14NO [M+H]+ 176.1070, found 176.1082. E-31c. White powder; Mp: 51-54 °C (Et2O); IR 
(CHCl3): 2940 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  8.11 (1H, s), 7.21-7.13 (2H, m), 3.99 (3H, s), 
3.01-2.94 (2H, m), 2.85-2.78 (2H, m), 2.36 (3H, s); 13C-NMR (75 MHz, CDCl3)  δ:  159.7,  146.6,  
136.3, 133.9, 132.0, 129.5, 125.1, 62.1, 29.3, 28.1, 21.3; HRMS (ESI) m/z: Calcd for C11H14NO 
[M+H]+ 176.1070, found 176.1070; Anal. calcd for C11H13NO: C, 75.40; H, 7.48; N, 7.99. found: C, 
75.36; H, 7.52; N, 7.95. 
 
1,2,3,4-Tetrahydro-7-methyl-2,2-di-(2-propen-1-yl)quinoline (32c). A colorless oil; IR (neat): 
3392, 2922, 1619, 1477 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  6.86  (1H,  br  d,  J = 8.0 Hz), 6.43 (1H, 
br d, J = 8.0 Hz), 6.30 (1H, s), 5.94-5.76 (2H, m), 5.18-5.04 (4H, m), 3.74 (1H, br s), 2.70 (2H, t, J 
= 7.0 Hz), 2.27 (2H, dd, J = 14.0, 7.0 Hz), 2.21 (3H, s, Me), 2.16 (2H, dd, J = 14.0, 7.0 Hz), 1.71 
(2H, t, J = 7.0 Hz); 13C NMR (75 MHz, CDCl3)  δ:  143.3,  136.3,  133.4,  129.1,  118.5,  117.8,  117.2,  
114.9, 52.8, 42.6, 30.4, 23.0, 21.1; HRMS (ESI) m/z: calcd for C16H22N [M+H]+ 228.1747, found 
228.1751. 
 
3’,4’-Dihydro-7’-methyl-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1c). A colorless oil; IR 
(neat): 3375, 2922, 1619, 1473 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  6.88  (1H,  d,  J = 7.5 Hz), 6.44 
(1H, br d, J = 7.5 Hz), 6.27 (1H, s), 5.71 (2H, br s), 4.02 (1H, s), 2.79 (2H, t, J = 6.5 Hz), 2.49-2.34 
(4H, m), 2.20 (3H, s), 1.90 (2H, t, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  143.6,  136.1,  129.0,  
128.6, 117.9, 117.4, 115.0, 59.9, 46.4, 32.7, 24.4, 21.0; HRMS (ESI) m/z: calcd for C14H18N  
[M+H]+ 200.1434, found 200.1435. 
 
Procedure for the preparation of 1d [Scheme 29]. According to the general procedure A, B and C, 
1c was prepared from 30d via 31d and 32d in yields shown in Scheme 29. 
 
5-Chloro-2,3-dihydro-1H-inden-1-one O-Methyloxime (31d). E-31d/Z-31d=4/1. E-31d. White 
powder; Mp: 85-88 °C (hexane-Et2O); IR (CHCl3): 2939 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.60  
(1H, d, J = 8.0 Hz), 7.29 (1H, br s), 7.22 (1H, br d, J = 8.0 Hz), 3.98 (3H, s), 3.06-2.90 (2H, m), 
2.92-2.85 (2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  161.3, 149.7, 135.9, 134.7, 127.4, 125.7, 122.4, 
62.1, 28.4, 26.4; HRMS (ESI) m/z: calcd for C10H11NO35Cl [M+H]+ 196.0524, found 196.0528; 
Anal. calcd for C10H10NOCl: C, 61.39; H, 5.15; N, 7.16. found: C, 61.32; H, 5.34; N, 7.16. Z-31d. A 
colorless oil; IR (neat): 2938 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  8.22 (1H, d, J = 8.0 Hz), 7.29 
(1H, br s), 7.22 (1H, br d, J = 8.5 Hz), 3.98 (3H, s), 3.08-3.00 (2H, m), 2.90-2.83 (2H, m); 
13C-NMR (75 MHz, CDCl3)   δ:   158.1, 151.1, 136.7, 132.2, 130.1, 127.0, 125.5, 62.2, 29.0, 28.4; 
HRMS (ESI) m/z: calcd for C10H11NO35Cl [M+H]+ 196.0524. found 196.0524. 
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6-Chloro-1,2,3,4-tetrahydro-2,2-di-(2-propen-1-yl)quinoline (32d). A colorless oil; IR (neat): 
3410, 2931, 1490 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  6.95  (1H,  br  s),  6.91  (1H,  br  d,  J = 8.0 Hz), 
6.38 (1H, br d, J = 8.0 Hz), 5.93-5.70 (2H, m), 5.19-5.05 (4H, m), 3.81 (1H, br s), 2.72 (2H, t, J = 
7.0 Hz), 2.26 (2H, dd, J = 14.0, 7.0 Hz) 2.17 (2H, dd, J = 14.0, 8.0 Hz) 1.71 (2H, t, J = 7.0 Hz); 13C 
NMR (75 MHz, CDCl3)  δ:  142.1,  133.1,  128.8, 126.6, 121.8, 121.1, 118.9, 115.4, 53.0, 42.4, 29.9, 
23.3; HRMS (EI) m/z: calcd for C15H18N35Cl [M]+ 247.1127. found 247.1139. 
 
6’-Chloro-3’,4’-dihydro-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1d). A colorless oil; IR 
(neat): 3392, 2926, 1605, 1490 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  6.96  (1H,  br  s),  6.90  (1H,  dd,  J 
= 9.0, 1.0 Hz), 6.35 (1H, d, J = 9.0 Hz), 5.72 (2H, br s), 4.08 (1H, s), 2.80 (2H, t, J = 6.5 Hz), 
2.49-2.32 (4H, m), 1.89 (2H, t, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)   δ:   142.5,  128.8,  128.7,  
126.5, 122.0, 121.3, 115.6, 60.0, 46.4, 32.1, 24.8; HRMS (ESI) m/z: calcd for C13H15N35Cl [M+H]+ 
220.0888, found 220.0890. 
 
Reaction of 1b with Me2Zn [Table 4, entry 1]. 1b (50.5 mg, 0.23 mmol) was dissolved in CHCl3 
(2.3 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.92 mL, 0.92 mmol) was added to the 
solution of 1b in CHCl3 under a nitrogen atmosphere at room temperature. After the reaction 
mixture was stirred at the same temperature for 2 h, Me2Zn (1.0 M in hexane, 0.92 mL, 0.92 mmol) 
was added. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 




in-1-one (endo-2b). White crystals; Mp: 137-139 °C (hexane-CHCl3); IR (CHCl3): 2948, 1705 
cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.51  (1H,  d,  J = 9.0 Hz), 6.79 (1H, dd, J = 9.0, 3.0 Hz), 6.69 
(1H, d, J = 3.0 Hz), 4.60 (1H, dt, J = 10.0, 3.0 Hz), 3.78 (3H, s), 3.13 (1H, br d, J = 4.5 Hz), 2.85 
(1H, ddd, J = 16.5, 11.0, 6.0 Hz), 2.76 (1H, dt, J = 16.5, 4.5 Hz), 2.35 (1H, dd, J = 13.0, 9.0 Hz), 
2.18-1.98 (4H, m), 1.75 (1H, br d, J = 9.0 Hz); 13C NMR (75 MHz, CDCl3)  δ:  170.5,  155.2,  128.7,  
126.3, 120.0, 114.0, 112.5, 67.3, 55.4, 54.1, 53.7, 44.2, 43.3, 27.4, 25.7; HRMS (ESI) m/z: calcd for 
C15H17NO235Cl [M+H]+ 278.0942, found 278.0941. 
 
(2R*,3S*,4aR*)-3-Chloro-8-methoxy-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinoliz
in-1-one (exo-2b). White crystals; Mp: 98-102 °C (hexane-CHCl3); IR (CHCl3): 2944, 1701 cm-1; 
1H NMR (300 MHz, CDCl3) δ: 8.37 (1H, d, J = 9.0 Hz), 6.76 (1H, dd, J = 9.0, 3.0 Hz), 6.68 (1H, d, 
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J = 3.0 Hz), 4.33 (1H, br d, J = 7.5 Hz), 3.77 (3H, s), 3.07 (1H, s), 2.93-2.70 (2H, m), 2.59 (1H, ddd, 
J = 13.5, 7.5, 3.0 Hz), 2.32 (1H, dd, J = 10.0, 1.5 Hz), 2.22-2.11 (2H, m), 2.05-1.97 (1H, m), 1.93 
(1H, dd, J = 13.5, 3.0 Hz); 13C NMR (75 MHz, CDCl3) δ: 171.2, 155.3, 128.6, 126.6, 119.8, 114.1, 
112.5, 68.3, 56.0, 55.8, 55.4, 45.5, 41.9, 26.8, 25.7; HRMS (ESI) m/z: calcd for C15H17NO235Cl 
[M+H]+ 278.0942, found 278.0939. 
 
Reaction of 1c with Me2Zn [Table 4, entry 2]. 1c (59.7 mg, 0.3 mmol) was dissolved in CHCl3 
(3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the 
solution of 1c in CHCl3 under a nitrogen atmosphere at room temperature. After the reaction 
mixture was stirred at the same temperature for 9 h, Me2Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) 
was added. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2c (22.1 mg, 28%) as pale yellow crystals and exo-2c (20.3 mg, 26%) 
as pale yellow crystals. 
 
(2R*,3R*,4aR*)-3-Chloro-9-methyl-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizi
n-1-one (endo-2c). Pale yellow crystals; Mp: 165-171 °C (hexane); IR (CHCl3): 2944, 1708 cm-1; 
1H NMR (500 MHz, CDCl3)  δ:  8.43  (1H,  s),  7.02  (1H,  d,  J = 7.5 Hz), 6.82 (1H, br d, J = 8.0 Hz), 
4.60 (1H, dt, J = 9.5, 4.0 Hz), 3.14 (1H, dt, J = 4.0, 1.5 Hz), 2.83 (1H, ddd, J = 16.0, 12.0, 6.0 Hz), 
2.76 (1H, dt, J = 16.0, 4.0 Hz), 2.35 (1H, dd, J = 13.5, 9.5 Hz), 2.33 (3H, s), 2.13-2.00 (4H, m), 1.76 
(1H, br d, J = 9.0 Hz); 13C NMR (125 MHz, CDCl3)  δ:  171.1,  137.5,  134.9,  128.5,  123.9,  121.7,  
119.2, 67.6, 54.0, 53.8, 44.2, 43.4, 27.5, 25.1, 21.5; HRMS (ESI) m/z: calcd for C15H17NO35Cl 
[M+H]+ 262.0993, found 262.0996. 
 
(2R*,3S*,4aR*)-3-Chloro-9-methyl-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin
-1-one (exo-2c). Pale yellow crystals; Mp: 131-134 °C (hexane); IR (CHCl3): 2944, 1705 cm-1; 1H 
NMR (500 MHz, CDCl3)  δ: 8.28 (1H, s), 7.02 (1H, d, J = 7.5 Hz), 6.82 (1H, d, J = 7.5 Hz), 4.33 
(1H, br d, J = 7.0 Hz), 3.08 (1H, s), 2.83 (1H, dd, J = 16.0, 8.5 Hz), 2.76 (1H, dt, J = 16.0, 4.5 Hz), 
2.61 (1H, ddd, J = 14.0, 7.0, 2.5 Hz), 2.32 (3H, s), 2.34-2.30 (1H, m), 2.16 and 2.15 (2H, ABq, J = 
4.5 Hz), 2.03-1.98 (1H, m), 1.93 (1H, dd, J = 14.0, 3.0 Hz); 13C NMR (125 MHz, CDCl3)  δ:  171.8,  
137.4, 134.8, 128.7, 124.1, 121.9, 119.0, 68.5, 56.1, 55.7, 45.6, 41.9, 26.9, 25.1, 21.4; HRMS (ESI) 
m/z: calcd for C15H17NO35Cl [M+H]+ 262.0993, found 262.0994. 
 
Reaction of 1d with Me2Zn [Table 4, entry 2]. 1d (44.3 mg, 0.2 mmol) was dissolved in CHCl3 
(2.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.8 mL, 0.8 mmol) was added to the 
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solution of 1d in CHCl3 under a nitrogen atmosphere at room temperature. After the reaction 
mixture was stirred at the same temperature for 7 h, Me2Zn (1.0 M in hexane, 0.8 mL, 0.8 mmol) 
was added. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 




e (endo-2d). A colorless oil; IR (neat): 2948, 1714 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.55  (1H,  d,  
J = 9.0 Hz), 7.18 (1H, dd, J = 9.0, 2.5 Hz), 7.12 (1H, d, J = 2.5 Hz), 4.63-4.57 (1H, m), 3.15 (1H, br 
d, J = 4.0 Hz), 2.92-2.73 (2H, m), 2.36 (1H, dd, J = 14.5, 8.0 Hz), 2.13-1.98 (4H, m), 1.79 (1H, dd, 
J = 9.5, 1.5 Hz); 13C NMR (75 MHz, CDCl3)   δ:   171.0,  133.6,  128.4,  127.9,  127.5,  126.3,  119.9,  
67.4, 53.8, 53.6, 44.0, 43.3, 26.9, 25.3; HRMS (APCI) m/z: calcd for C14H14NO35Cl2 [M+H]+ 
282.0447, found 282.0441. 
 
(2R*,3S*,4aR*)-3,8-Dichloro-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin-1-on
e (exo-2d). White crystals; Mp: 143-146 °C (hexane-CHCl3); IR (CHCl3): 2948, 1710 cm-1; 1H 
NMR (300 MHz, CDCl3)  δ:  8.40  (1H,  d,  J = 9.0 Hz), 7.16 (1H, dd, J = 9.0, 1.0 Hz), 7.13 (1H, br s), 
4.30 (1H, br d, J = 7.0 Hz), 3.09 (1H, s), 2.92-2.74 (2H, m), 2.60 (1H, ddd, J = 14.0, 7.0, 2.5 Hz), 
2.35 (1H, br d, J = 10.0 Hz), 2.21-2.13 (2H, m), 2.06-1.98 (1H, m), 1.94 (1H, dd, J = 14.0, 3.0 Hz); 
13C NMR (75 MHz, CDCl3) δ:  171.7,  133.5,  128.6,  128.2,  127.4,  126.6,  119.9,  68.4,  55.9,  55.4,  45.6,  
41.8, 26.4, 25.4; HRMS (APCI) m/z: calcd for C14H14NO35Cl2 [M+H]+ 282.0447, found 282.0444. 
 
Procedure for the preparation of 1e [Scheme 30]. According to the general procedure A, B and C, 
1e was prepared from 30e via 31e and 32e in yields shown in Scheme 30. 
 
(E/Z)-Bicyclo[4.2.0]octa-1,3,5-trien-7-one O-Methyloxime (31e). E-31e/Z-31e=2/3. A colorless 
oil; IR (neat): 2935 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.44-7.23 (4H, m), 4.01 (9/5H, s), 3.95 
(6/5H, s), 3.86 (4/5H, m), 3.83 (6/5H, m); 13C-NMR (75 MHz, CDCl3)  δ:  152.6, 149.7, 145.2, 144.2, 
141.0, 139.5, 131.5, 131.1, 128.2, 128.0, 123.0, 122.8, 122.7, 119.2, 62.2, 62.0, 39.3, 39.0; HRMS 
(ESI) m/z: calcd for C9H10NO [M+H]+ 148.0757, found 148.0753. 
 
2,3-Dihydro-2,2-di-(2-propen-1-yl)-1H-indole (32e). A colorless oil; IR (neat): 3366, 2913, 1611, 
1486 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.06-6.96 (2H, m), 6.66 (1H, br t, J = 7.5 Hz), 6.55 (1H, 
br d, J = 7.5 Hz), 5.93-5.77 (2H, m), 5.16-5.05 (4H, m), 3.85 (1H, br s), 2.88 (2H, s), 2.40-2.25 (4H, 
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m); 13C NMR (75 MHz, CDCl3)  δ:  149.9,  133.8,  127.8,  127.2,  124.7,  118.3,  118.1,  108.8,  65.1,  43.5,  
40.0; HRMS (ESI) m/z: calcd for C14H18N [M+H]+ 200.1434, found 200.1431. 
 
1’,3’-Dihydro-spiro[cyclopent-3-ene-1,2’-[2H]indole] (1e). A colorless oil; IR (neat): 3366, 3052, 
2836, 1611, 1484 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.06  (1H,  br  d,  J = 7.5 Hz), 7.00 (1H, br t, J 
= 7.5 Hz), 6.68 (1H, br t, J = 7.5 Hz), 6.60 (1H, br d, J = 7.5 Hz), 5.73 (2H, br s), 4.01 (1H, br s), 
3.05 (2H, s), 2.56 (4H, br s); 13C NMR (75 MHz, CDCl3)  δ:  150.2,  129.4,  128.2,  127.2,  124.6,  118.3,  
108.9, 71.3, 46.9, 42.7; HRMS (ESI) m/z: calcd for C12H14N [M+H]+ 172.1121, found 172.1118. 
 
Procedure for the preparation of 1f [Scheme 30].  According to the general procedure A, B and 
C, 1f was prepared from 30f via 31f and 32f in yields shown in Scheme 30. 
 
(E)-3,4-Dihydro-1(2H)-naphthalenone O-Methyloxime (31f). A colorless oil; IR (neat): 2935 
cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.97  (1H,  d,  J = 7.5 Hz), 7.27-7.08 (3H, m), 3.98 (3H, s), 2.72 
(4H, t, J = 6.5 Hz), 1.88-1.76 (2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  153.9,  139.4,  130.6,  128.8,  
128.4, 126.2, 124.1, 61.8, 29.7, 24.1, 21.4; HRMS (ESI) m/z: calcd for C11H14NO [M+H]+ 176.1070, 
found 176.1070. 
 
2,3,4,5-Tetrahydro-2,2-di-(2-propen-1-yl)-1H-1-benzazepine (32f). A colorless oil; IR (neat): 
3341, 2927, 1602, 1475 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.08-6.97 (2H, m), 6.83 (1H, br t, J = 
7.5 Hz), 6.65 (1H, br d, J = 7.5 Hz), 5.92-5.76 (2H, m), 5.18-5.06 (4H, m), 3.61 (1H, br s), 
2.76-2.69 (2H, m), 2.21 (2H, dd, J = 14.0, 7.0 Hz), 2.09 (2H, dd, J = 14.0, 8.0 Hz), 1.71-1.64 (4H, 
m); 13C NMR (75 MHz, CDCl3)  δ:  145.6,  133.94,  133.90,  129.9,  126.4, 121.3, 121.1, 118.6, 56.3, 
42.6, 39.2, 35.6, 22.0; HRMS (ESI) m/z: calcd for C16H22N [M+H]+ 228.1747, found 228.1745. 
 
1,3,4,5-Tetrahydro-spiro[2H-1-benzazepin-2,1’-cyclopent-3’-ene] (1f). A colorless oil; IR (neat): 
3353, 2929, 1591, 1474 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.06  (1H,  br  d,  J = 7.5 Hz), 7.01 (1H, 
br t, J = 7.5 Hz), 6.84 (1H, br t, J = 7.5 Hz), 6.60 (1H, br d, J = 7.5 Hz), 5.69 (2H, br s), 3.64 (1H, br 
s), 2.78-2.74 (2H, m), 2.30-2.20 (4H, m), 1.96-1.88 (2H, m), 1.70-1.58 (2H, m); 13C NMR (75 MHz, 
CDCl3)  δ:  146.7,  134.5,  130.1,  129.0,  126.6,  121.5,  121.3,  64.6,  45.6,  42.2,  35.8,  23.9; HRMS (EI) 
m/z: calcd for C14H17N [M]+ 199.1360, found 199.1364.  
 
Procedure for the preparation of 1g [Scheme 30].  According to the general procedure A, B and 





6,7,8,9-Tetrahydro-5H-benzocyclohepten-5-one O-Methyloxime (31g). E-31g/Z-31g=4/1. E-31g. 
A colorless oil; IR (neat): 2931 cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.28-7.12 (4H, m), 3.82 (3H, 
s), 2.78-2.71 (2H, m), 2.48-2.40 (2H, m), 1.96-1.86 (2H, m), 1.79-1.68 (2H, m); 13C-NMR (75 MHz, 
CDCl3)  δ:  159.7,  139.3,  135.3,  129.3,  128.4,  128.3,  125.4,  61.4,  35.9,  34.1,  30.6,  27.1; HRMS (ESI) 
m/z: calcd for C12H16NO [M+H]+ 190.1226, found 190.1223. Z-31g. A colorless oil; IR (neat): 2935 
cm-1; 1H-NMR (300 MHz, CDCl3)  δ:  7.41  (1H,  dd,  J = 7.5 2.0 Hz), 7.27 (1H, td, J = 7.0, 1.0 Hz), 
7.22 (1H, td, J = 7.0), 7.11 (1H, dd, J = 7.0, 1.5 Hz), 3.98 (3H, s), 2.74 (2H, t, J = 6.5 Hz), 2.69-2.63 
(2H, m), 1.81-1.71 (2H, m), 1.66-1.55 (2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  161.7,  139.1,  136.0,  
129.0, 128.6, 127.4, 126.3, 61.6, 31.8, 26.3, 25.9, 21.6; HRMS (ESI) m/z: calcd for C12H16NO 
[M+H]+ 190.1226, found 190.1226. 
 
1,2,3,4,5,6-Hexahydro-2,2-di-(2-propen-1-yl)-1-benzazocine (32g). A colorless oil; IR (neat): 
3320, 2930, 1455 cm-1; 1H NMR (300 MHz, CDCl3)   δ:   7.16-7.00 (3H, m), 6.90-6.85 (1H, m), 
6.00-5.84 (2H, m) 5.17-5.08 (4H, m), 2.91 (1H, br s), 2.81-2.74 (2H, m), 2.26-2.20 (4H, m), 
1.74-1.64 (2H, m), 1.50-1.34 (4H, m); 13C NMR (75 MHz, CDCl3)  δ:  143.9,  140.0,  134.4,  130.1,  
127.8, 125.9, 124.4, 118.2, 60.4, 42.2, 35.0, 31.6, 31.5, 20.9; HRMS (ESI) m/z: calcd for C17H24N 
[M+H]+ 242.1903, found 242.1899. 
 
3,4,5,6-Tetrahydro-spiro[1H-1-benzazocine-2,1’-cyclopent-3-ene] (1g). A colorless oil; IR (neat): 
3318, 2925 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.18-7.01 (3H, m), 6.83 (1H, dd, J = 7.0, 2.0 Hz), 
5.75 (2H, br s), 3.15 (1H, br s), 2.87-2.78 (2H, m), 2.57 (2H, br d, J = 15.0 Hz), 2.18 (2H, br d, J = 
15.0 Hz), 1.77-1.66 (2H, m), 1.64-1.56 (2H, m), 1.53-1.41 (2H, m); 13C NMR (75 MHz, CDCl3)  δ:  
144.6, 139.7, 130.0, 129.1, 127.0, 125.9, 124.3, 68.4, 45.2, 37.5, 31.5, 31.4, 23.0; HRMS (ESI) m/z: 
calcd for C15H20N [M+H]+ 214.1590, found 214.1586. 
 
Reaction of 1e with Me2Zn [Table 5, entry 1]. 1e (58.3 mg, 0.34 mmol) was dissolved in CHCl3 
(3.4 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 1.36 mL, 1.36 mmol) was added to the 
solution of 1e in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. 
Purification of the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded endo-2e (34.0 mg, 
43%) as a colorless oil and exo-2e (41.3 mg, 52%) as a colorless oil. 
 
(2R*,3R*,4aR*)-3-Chloro-2,3,4,4a,5-pentahydro-2,4a-methano-1H-benzo[b]indolizin-1-one 
(endo-2e). A colorless oil; IR (neat): 2945, 1712, 1605 cm-1; 1H NMR (500 MHz, CDCl3)  δ:  7.58  
(1H, d, J = 7.5 Hz), 7.24 (1H, t, J = 7.5 Hz), 7.20 (1H, d, J = 7.5 Hz), 7.03 (1H, br t, J = 7.5 Hz), 
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4.67 (1H, dt, J = 9.5, 4.0 Hz), 3.28 and 3.10 (2H, ABq, J = 16.5 Hz), 3.27-3.25 (1H, m), 2.58 (1H, 
dd, J = 13.5, 9.5 Hz), 2.21 (1H, ddd, J = 10.0, 3.5, 1.5 Hz), 2.12 (1H, dt, J = 13.5, 3.5 Hz), 1.98 (1H, 
br d, J = 10.0 Hz); 13C NMR (125 MHz, CDCl3)  δ:  168.3,  137.2,  131.2,  128.2,  125.8,  123.7,  114.0,  




(exo-2e). A colorless oil; IR (neat): 3012, 1710, 1604 cm-1; 1H NMR (500 MHz, CDCl3)  δ:  7.47  (1H,  
d, J = 8.0 Hz), 7.22 (1H, t, J = 8.0 Hz), 7.21 (1H, d, J = 8.0 Hz), 7.03 (1H, br t, J = 8.0 Hz), 4.44 
(1H, br d, J = 7.0 Hz), 3.35 and 3.10 (2H, ABq, J = 16.5 Hz), 3.16 (1H, br s), 2.62 (1H, ddd, J = 
14.0, 7.0, 3.0 Hz), 2.51 (1H, dd, J = 10.0, 1.5 Hz), 2.19 (1H, br d, J = 10.0 Hz), 2.15 (1H, dd, J = 
14.0, 3.0 Hz); 13C NMR (125 MHz, CDCl3)  δ:  168.1,  136.8,  131.8,  128.1,  126.0,  124.0,  113.8,  74.2,  
59.8, 55.6, 46.9, 43.5, 31.5; HRMS (ESI) m/z: calcd for C13H13NO35Cl [M+H]+ 234.0680, found 
234.0682. 
 
Reaction of 1f with Me2Zn [Table 5, entry 2]. 1f (72.4 mg, 0.35 mmol) was dissolved in CHCl3 
(3.5 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 1.4 mL, 1.4 mmol) was added to the 
solution of 1f in CHCl3 under a nitrogen atmosphere at room temperature. After the reaction mixture 
was stirred at the same temperature for 9 h, Me2Zn (1.0 M in hexane, 1.4 mL, 1.4 mmol) was added. 
After being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. 
NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under 
reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded 
endo-2f (31.4 mg, 34%) as white crystals and exo-2f (30.6 mg, 34%) as white crystals. 
 
(2R*,3R*,4aR*)-3-Chloro-2,3,4,4a,5,6,7-heptahydro-2,4a-methano-1H-benzo[d]pyrido[1,2-a]aze
pin-1-one (endo-2f). White crystals; Mp: 175-178 °C (hexane-CHCl3); IR (CHCl3): 2931, 1705 
cm-1; 1H NMR (500 MHz, CDCl3)  δ:  7.34-7.27 (2H, m), 7.24-7.22 (2H, m), 4.63 (1H, dt, J = 9.5, 
4.0 Hz), 3.24 (1H, br d, J = 4.0 Hz), 2.93 (1H, dt, J = 13.5, 10.0 Hz), 2.66 (1H, ddd, J = 13.5, 8.5, 
2.0 Hz), 2.35-2.32 (1H, m), 2.33 (1H, dd, J = 13.5, 9.0 Hz), 1.88 (1H, dt, J = 14.0, 4.0 Hz), 
1.93-1.83 (1H, m), 1.80-1.70 (1H, m), 1.68-1.56 (3H, m); 13C NMR (125 MHz, CDCl3)  δ:  171.8,  
136.5, 133.9, 129.7, 127.7, 127.5, 126.7, 69.6, 54.3, 53.5, 45.6, 42.5, 29.3, 26.9, 20.0; HRMS 
(APCI) m/z: calcd for C15H17NO35Cl [M+H]+ 262.0993, found 262.0989. 
 
(2R*,3S*,4aR*)-3-Chloro-2,3,4,4a,5,6,7-heptahydro-2,4a-methano-1H-benzo[d]pyrido[1,2-a]aze
pin-1-one (exo-2f). White crystals; Mp: 190-194 °C (hexane-CHCl3); IR (CHCl3): 2935, 1703 cm-1; 
1H NMR (500 MHz, CDCl3)  δ:  7.29-7.20 (3H, m), 7.15 (1H, d, J = 7.5, 1.0 Hz), 4.45 (1H, br d, J = 
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7.5 Hz), 3.16 (1H, s), 2.89 (1H, dt, J = 14.0, 9.0 Hz), 2.66 (1H, ddd, J = 14.0, 8.0, 2.0 Hz), 2.45 (1H, 
ddd, J = 14.0, 7.5, 2.5 Hz), 2.31 (1H, ddt, J = 10.0, 2.5, 1.5 Hz), 2.15 (1H, dd, J = 10.0, 1.5 Hz), 
1.93 (1H, dd, J = 14.0, 3.0 Hz), 1.94-1.86 (1H, m), 1.81-1.71 (2H, m), 1.62-1.55 (1H, m); 13C NMR 
(125 MHz, CDCl3)  δ:  172.6,  136.1,  133.9,  129.8,  127.6,  127.4,  125.6,  70.7,  56.1,  56.0,  48.1,  40.2,  
29.3, 26.6, 20.4; HRMS (ESI) m/z: calcd for C15H17NO35Cl [M+H]+ 262.0993, found 262.0991. 
 
Reaction of 1g with Me2Zn [Table 5, entry 3]. 1g (71.5 mg, 0.34 mmol) was dissolved in CHCl3 
(3.4 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 2.72 mL, 2.72 mmol) was added to the 
solution of 1g in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. 
Purification of the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded endo-2g (22.9 mg, 
23%) as white crystals and exo-2g (35.0 mg, 37%) as white crystals. 
 
(2R*,3R*,4aR*)-3-Chloro-2,3,4,4a,5,6,7,8-octahydro-2,4a-methano-1H-benzo[e]pyrido[1,2-a]az
ocin-1-one (endo-2g). White crystals; Mp: 195-198 °C (hexane); IR (CHCl3): 2935, 1708 cm-1; 1H 
NMR (500 MHz, CDCl3)  δ:  7.32-7.21 (4H, m), 4.67 (1H, dt, J = 9.0, 4.0 Hz), 3.29-3.25 (1H, m), 
2.72 (1H, dd, J = 12.5, 8.0 Hz), 2.65 (1H, ddd, J = 12.5, 11.5, 1.5 Hz), 2.42 (1H, ddd, J = 10.0, 3.5, 
2.5 Hz), 2.21 (1H, dd, J = 14.0, 9.0 Hz), 2.15-2.07 (1H, m), 2.07 (1H, dt, J = 14.0, 4.0 Hz), 
1.92-1.84 (1H, m), 1.70-1.60 (1H, m), 1.66 (1H, dd, J = 16.0, 9.0 Hz), 1.55 (1H, br d, J = 10.0 Hz), 
1.45 (1H, dd, J = 16.0, 11.0 Hz), 1.42-1.32 (1H, m); 13C NMR (125 MHz, CDCl3)  δ:  174.6,  143.6,  
134.0, 130.8, 129.3, 128.8, 127.3, 74.2, 55.3, 53.3, 44.0, 41.5, 33.2, 31.5, 30.4, 25.9; HRMS (ESI) 
m/z: calcd for C16H19NO35Cl [M+H]+ 276.1150, found 276.1150. 
 
(2R*,3S*,4aR*)-3-Chloro-2,3,4,4a,5,6,7,8-octahydro-2,4a-methano-1H-benzo[e]pyrido[1,2-a]azo
cin-1-one (exo-2g). White crystals; Mp: 163-168 °C (hexane-CHCl3); IR (CHCl3): 3013, 2931, 
1703 cm-1; 1H NMR (500 MHz, CDCl3)  δ:  7.31-7.21 (3H, m), 6.77 (1H, d, J = 7.5 Hz), 4.42 (1H, br 
d, J = 7.0 Hz), 3.20 (1H, s), 2.71 (1H, dd, J = 12.5, 7.5 Hz), 2.65-2.60 (1H, m), 2.59 (1H, ddd, J = 
14.0, 7.5, 2.5 Hz), 2.40 (1H, br d, J = 10.0 Hz), 2.15-2.08 (1H, m), 2.11 (1H, dd, J = 10.0, 1.0 Hz), 
1.98-1.90 (1H, m), 1.81 (1H, dd, J = 14.0, 3.0 Hz), 1.77 (1H, dd, J = 16.0, 9.0 Hz), 1.76-1.67 (1H, 
m), 1.40 (1H, dd, J = 16.0, 10.5, Hz), 1.39-1.31 (1H, m); 13C NMR (125 MHz, CDCl3)  δ:  175.7,  
143.7, 133.9, 131.0, 128.9, 127.9, 127.3, 75.6, 56.8, 55.8, 46.6, 39.1, 33.1, 31.6, 30.1, 26.7; HRMS 








Procedure for the preparation of 50a [Scheme 31]. To a solution of ketone 47a (1.0 g, 8.3 mmol) 
in pyridine (10.0 mL) were added MeONH2･HCl (2.1 g, 25.0 mmol) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
concentrated under reduced pressure. The residue was diluted with H2O and extracted with AcOEt. 
The organic phase was washed with aqueous Cu(II) sulfate solution, dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by flash column chromatography 
(hexane : AcOEt = 30 : 1) afforded oxime ether 48a (1.02g, 82%). According to the general 
procedure B with the purification of the residue by flash column chromatography (hexane : AcOEt 
= 30 : 1), followed by the general procedure C, 50a was prepared from 48a via 49a in yield shown 
in Scheme 31. 
 
Acetophenone O-Methyloxime (48a). The spectral data were identical with those reported in the 
literature. 38a) 
 
N-(1-Methyl-1-[2-propen-1-yl]-3-buten-1-yl)benzenamine (49a). 39a) A yellow oil; IR (neat): 
1598, 1495 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.20-7.15 (2H, m), 6.79-6.75 (3H, m), 5.98-5.82 
(2H, m), 5.17-5.09 (4H, m), 3.49 (1H, br s), 2.49 (2H, dd, J = 14.0, 7.0 Hz), 2.37 (2H, dd, J = 14.0, 
7.5 Hz), 1.32 (3H, s); 13C NMR (75 MHz, CDCl3) δ: 146.4, 134.1, 128.9, 118.3, 118.2, 117.0, 55.6, 
44.1, 25.6; HRMS (ESI) m/z: calcd for C14H20N [M+H]+ 202.1590, found 202.1589. 
 
N-[(1-Methylcyclopent-3-en)-1-yl]benzenamine (50a). A yellow oil; IR (neat): 3409, 3052, 2914, 
1600, 1508 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.26-7.17 (2H, m), 6.77-6.70 (1H, m), 6.61-6.57 
(2H, m), 5.78 (2H, d, J = 1.5 Hz), 3.88 (1H, br s), 2.91 (2H, d, J = 16.0 Hz), 2.33 (2H, d, J = 16.0 
Hz), 1.49 (3H, d, J = 1.5 Hz); 13C NMR (75 MHz, CDCl3) δ: 146.0, 129.04, 129.02, 116.8, 114.2, 
59.5, 45.2, 29.9; HRMS (ESI) m/z: calcd for C12H16N [M+H]+ 174.1277, found 174.1277. 
 
Procedure for the preparation of 50b [Scheme 31]. According to the general procedure A, B and 
C, 50b was prepared from 48b via 49b in yield shown in Scheme 31. 
 
Benzaldehyde O-Methyloxime (48b). The spectral data were identical with those reported in the 
literature. 38b) 
 
N-(1-[2-Propen-1-yl]-3-buten-1-yl)benzenamine (49b). 39b) A yellow oil; IR (neat): 3405, 3075, 
2920, 1601, 1503 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.20-7.12 (2H, m), 6.68 (1H, t, J = 5.0 Hz), 
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6.63-6.56 (2H, m), 5.91-5.75 (2H, m), 5.15-5.06 (4H, m), 3.59 (1H, br s), 3.55-3.45 (1H, m), 2.32 
(4H, t, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3) δ: 147.3, 134.8, 129.3, 117.7, 117.1, 113.3, 51.9, 
38.1; HRMS (ESI) m/z : calcd for C13H18N [M+H]+ 188.1434, found 188.1435. 
 
N-[(Cyclopent-3-en)-1-yl]benzenamine (50b). A yellow oil; IR (neat): 3379 cm-1. 1H NMR (300 
MHz, CDCl3) δ: 7.19-7.13 (2H, m), 6.72-6.65 (1H, m), 6.60-6.57 (2H, m), 5.72 (2H, br s), 
4.17-4.09 (1H, m), 3.67 (1H, br s), 2.79 (2H, dd, J = 17.0, 7.5 Hz), 2.24 (2H, dd, J = 17.0, 2.5 Hz); 
13C NMR (75 MHz, CDCl3) δ: 147.5, 129.3, 129.0, 117.2, 113.3, 52.2, 40.4; HRMS (ESI) m/z: calcd 
for C11H14N [M+H]+ 160.1121, found 160.1121. 
 
Chlorolactamization of 50a with Me2Zn [Table 6, entry 1]. 50a (52.0 mg, 0.3 mmol) was 
dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) 
was added 4 times at 2 h intervals to the solution of 50a in CHCl3 under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt 
= 1 : 1) to afford endo-51a (22.8 mg, 32%) as a white solid and exo-51a (29.6 mg, 42%) as 
colorless crystals. 
 
(1R*,4R*,5R*)-5-Chloro-1-methyl-N-phenyl-2-azabicyclo[2.2.1]heptan-3-one (endo-51a). A 
white solid; Mp: 141-143 °C (hexane-AcOEt); IR (CHCl3): 3009, 1707, 1495 cm-1; 1H NMR (500 
MHz, CDCl3) δ: 7.41 (2H, tt, J = 7.5, 2.0 Hz), 7.31 (1H, tt, J = 7.5, 2.0 Hz), 7.23 (2H, dd, J = 7.5, 
2.0 Hz), 4.67 (1H, ddd, J = 9.0, 4.0, 3.5 Hz), 3.21 (1H, dt, J = 4.0, 1.5 Hz), 2.38 (1H, dd, J = 13.5, 
9.5 Hz), 2.11 (1H, dt, J = 13.5, 3.5 Hz), 2.09 (1H, ddd, J = 9.5, 4.0, 2.0 Hz), 1.74 (1H, br d, J = 9.5 
Hz), 13.5 (3H, s); 13C NMR (125 MHz, CDCl3) δ: 173.6, 135.3, 129.2, 128.1, 127.5, 68.6, 55.4, 




Colorless crystals; Mp: 156-158 °C (hexane-AcOEt); IR (CHCl3): 3009, 1701, 1499 cm-1; 1H NMR 
(500 MHz, CDCl3) δ: 7.41-7.37 (2H, m), 7.29 (1H, tt, J = 7.5, 1.5 Hz), 7.09-7.06 (2H, m), 4.44-4.41 
(1H, m), 3.14 (1H, s), 2.73 (1H, ddd, J = 14.0, 7.0, 2.5 Hz), 2.29 (1H, dd, J = 10.0, 1.0 Hz), 2.09 
(1H, ddt, J = 10.0, 3.0, 1.5 Hz), 2.02 (1H, dd, J = 14.0, 3.0 Hz), 1.41 (3H, s); 13C NMR (125 MHz, 
CDCl3) δ: 174.2, 135.2, 129.2, 127.3, 126.7, 69.7, 57.0, 55.8, 47.5, 44.3, 18.3; HRMS (ESI) m/z: 




Chlorolactamization of 50b with Me2Zn [Table 6, entry 2]. 50b (47.8 mg, 0.3 mmol) was 
dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) 
was added 4 times at 2 h intervals to the solution of 50b in CHCl3 under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt 
= 10 : 1) to afford endo-51b (12.9 mg, 19%) as a white powder and exo-51b (22.2 mg, 33%) as a 
white powder. 
 
(1R*,4R*,5R*)-5-Chloro-N-phenyl-2-azabicyclo[2.2.1]heptan-3-one (endo-51b). A white powder;  
Mp: 93-95 °C (hexane-CHCl3); IR (CHCl3): 3020, 2401, 1710 cm-1; 1H NMR (300 MHz, CDCl3) δ: 
7.52 (2H, br d, J = 7.5 Hz), 7.37 (2H, br t, J = 7.5 Hz), 7.14 (1H, br t, J = 7.5 Hz), 4.61 (1H, dt, J = 
9.0, 4.0 Hz), 4.45 (1H, br s), 3.25-3.19 (1H, m), 2.62 (1H, ddd, J = 14.0, 9.0, 2.5 Hz), 2.30-2.20 (1H, 
m), 2.11-2.01 (1H, m), 1.71 (1H, d, J = 10.0 Hz); 13C NMR (75 MHz, CDCl3) δ: 171.5, 137.5, 129.1, 
124.5, 119.9, 60.3, 54.4, 54.2, 39.6, 39.4; HRMS (ESI) m/z: calcd for C12H13NO35Cl [M+H]+ 
222.0680, found 222.0678. 
 
(1R*,4R*,5S*)-5-Chloro-N-phenyl-2-azabicyclo[2.2.1]heptan-3-one (exo-51b). A white powder; 
Mp: 128-131 °C (hexane-CHCl3); IR (neat): 3020, 2401, 1705, 1599 cm-1; 1H NMR (300 MHz, 
CDCl3) δ: 7.44 (2H, br d, J = 7.0 Hz), 7.36 (2H, br t, J = 7.0 Hz), 7.13 (1H, br t, J = 7.0 Hz), 4.50 
(1H, br t, J = 2.0 Hz), 4.32 (1H, dd, J = 7.0, 3.0 Hz), 3.17 (1H, br s), 2.66 (1H, dd, J = 14.0, 7.5 Hz), 
2.24-2.16 (3H, m); 13C NMR (75 MHz, CDCl3) δ: 172.0, 137.5, 129.1, 124.4, 118.9, 60.7, 56.7, 55.2, 
41.7, 37.2; HRMS (ESI) m/z: calcd for C12H13NO35Cl [M+H]+ 222.0680, found 222.0681. 
 
Procedure for the preparation of 5a [Scheme 32]. 40) According to the reported procedure in the 
literature, 5a was prepared from 52 and 53 via 54 and 55 in yield shown in Scheme 32. 
 
N-3-Buten-1-ylbenzenamine (5a). 41) A yellow oil; IR (neat): 3409, 1602, 1510 cm-1; 1H NMR (300 
MHz, CDCl3) δ: 7.19-7.12 (2H, m), 6.71-6.64 (1H, m), 6.59-6.55 (2H, m), 5.86-5.71 (1H, m), 
5.16-5.06 (2H, m), 3.60 (1H, br s), 3.13 (2H, t d, J = 6.5, 3.0 Hz), 2.37-2.29 (2H, m); 13C NMR (75 
MHz, CDCl3) δ: 148.1, 135.7, 129.1, 117.2, 117.0, 112.7, 42.6, 33.5; HRMS (ESI) m/z: calcd for 
C10H14N [M+H]+ 148.1121, found 148.1124. 
 
Procedure for the preparation of 5b [Scheme 33]. 42a) Toluene (50 mL) was added to benzylamine 
(56, 5.5 mL, 50 mmol) and benzaldehyde (47b, 5.0 mL, 50 mmol) in a round-bottom flask fitted 
with a condenser and a Dean-Stark trap under a nitrogen atmosphere, and the reaction mixture was 
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then heated at reflux. After completion of the reaction (4 h), the solvent was removed under reduced 
pressure and the crude product was purified by flash column chromatography (hexane : AcOEt = 
20 : 1) to afford 57 (9.7 g, 99%, 1 : 4 mixture of geometrical isomers) as a colorless oil. Allyl 
bromide (1.3 mL, 15 mmol) and Zn dust (981.0 mg, 15 mmol) were added to a solution of 57 (975.5 
mg, 5.0 mmol) in THF (15 mL) under a nitrogen atmosphere. After being stirred at the same 
temperature for 2 h, the reaction mixture was quenched with 1% HCl, filtered off with Celite® and 
extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced 
pressure. The residue was purified by flash column chromatography (hexane : AcOEt = 3 : 1) to 
afford 5b (1173.7 mg, 99%) as a colorless oil. 
 
N-Benzylidenebenzylamine (57). The spectroscopic data is in consistent with reported in the 
literature. 42b) 
 
N-(Phenylmethyl)-α-2-propenylbenzenemethanamine (5b). The physical and spectroscopic data 
is in consistent with reported in the literature. 42a) 
 
N-[5-Phenyl-3-penten-1-yl]benzenamine (5c) [Scheme 34]. Grubbs second-generation catalyst 
(127.3 mg, 0.15 mmol) was added to a solution of 5a (441.0 mg, 3.0 mmol) and allylbenzene (58a, 
4.0 mL, 30.0 mmol) in CH2Cl2 (15 mL) under an argon atomosphere, and the reaction mixture was 
then heated at reflux. After completion of the reaction (13 h), the solvent was removed under 
reduced pressure and the residue was purified by flash column chromatography (hexane : AcOEt = 
10 : 1) to afford 5c (94.9 mg, 13%, 1:4 mixture of geometrical isomers). A colorless oil; IR (neat): 
3409, 3022, 1600, 1506 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.32-7.14 (7H, m), 6.70 (1H, td, J = 
7.0, 1.0 Hz), 6.59 (2H, dt, J = 7.5, 1.0 Hz), 5.77-5.67 (1H, m), 5.56-5.47 (1H, m), 3.42 (2/5H, d, J = 
8.0 Hz), 3.36 (8/5H, d, J = 6.5 Hz), 3.20 (2/5H, t, J = 7.0 Hz), 3.16 (8/5H, t, J = 6.5 Hz), 2.49 (2/5H, 
q, J = 7.0 Hz), 2.36 (8/5H, q, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3) δ: 148.2, 140.5, 131.8, 130.7, 
129.2, 128.47, 128.41, 128.40, 128.2, 127.4, 126.0, 117.29, 117.23, 112.8, 43.3, 43.1, 39.0, 33.5, 
32.3, 27.2; HRMS (ESI) m/z: calcd for C17H20N [M+H]+ 238.1590, found 238.1588. 
 
N-[(3E)-4-Phenyl-3-buten-1-yl]benzenamine (5d) [Scheme 34]. Grubbs second-generation 
catalyst (52.4 mg, 0.05 mmol) was added to a solution of 5a (147.2 mg, 1.0 mmol) and styrene (58b, 
1.1 mL, 10.0 mmol) in CH2Cl2 (5.0 mL) under an argon atomosphere, and the reaction mixture was 
then heated at reflux. After completion of the reaction (12 h), the solvent was removed under 
reduced pressure and the residue was purified by flash column chromatography (hexane : AcOEt = 
5 : 1) to afford 5d (149.9 mg, 67%) as a colorless oil. The physical and spectroscopic data is in 
consistent with reported in the literature. 44) 
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Lactamization of 5a with Me2Zn [Table 7, entry 1]. 5a (44.1 mg, 0.3 mmol) was dissolved in 
CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to 
the solution of 5a in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at 
the same temperature for 48 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. To a 
solution of the residue in CH2Cl2 (3.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 2 h, the reaction 
mixture was diluted with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 
and concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 1 : 1) afforded 7a (35.4 mg, 68%) as colorless crystals. 
 
5,6-Dihydro-1-phenyl-2(1H)-pyridinone (7a). 45) Colorless crystals; Mp: 101-103 °C 
(Hexane-AcOEt); IR (CHCl3): 1665, 1615, 1594, 1497 cm-1; 1H NMR (300 MHz, CDCl3) δ: 
7.39-7.27 (4H, m), 7.20 (1H, tt, J = 7.0, 1.5 Hz), 6.67 (1H, dt, J = 10.0, 4.0 Hz), 6.04 (1H, dt, J = 
10.0, 1.5 Hz), 3.80 (2H, t, J = 7.0 Hz), 2.48 (2H, tdd, J = 7.0, 4.0, 1.5 Hz); 13C NMR (75 MHz, 
CDCl3) δ: 163.9, 142.4, 140.2, 128.6, 125.71, 125.70, 124.8, 48.3, 24.4; HRMS (ESI) m/z: calcd for 
C11H12NO [M+H]+ 174.0913, found 174.0914. 
 
Lactamization of 5b with Me2Zn [Table 7, entry 2]. 5b (71.2 mg, 0.3 mmol) was dissolved in 
CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to 
the solution of 5b in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at 
the same temperature for 48 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. To a 
solution of the residue in CH2Cl2 (3.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 2 h, the reaction 
mixture was diluted with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 
and concentrated under reduced pressure. Purification of the residue by preparative TLC (toluene : 
Et2O = 20 : 1) afforded 7b (39.5 mg, 50%) as a colorless oil. 
 
1-Benzyl-6-phenyl-5,6-dihydropyridin-2(1H)-one (7b). 46) A colorless oil; IR (neat): 3030, 1665, 
1613 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.37-7.14 (10H, m), 6.34-6.28 (1H, m), 6.11 (1H, dd, J = 
10.0, 2.5 Hz), 5.63 (1H, d, J = 15.0 Hz), 4.58 (1H, br d, J = 7.0 Hz), 3.50 (1H, d, J = 15.0 Hz), 2.91 
(1H, ddt, J = 18.0, 8.0, 2.5 Hz), 2.45 (1H, ddd, J = 18.0, 6.0, 2.0 Hz); 13C NMR (75 MHz, CDCl3) δ: 
164.5, 140.1, 137.6, 136.4, 128.6, 128.5, 127.9, 127.7, 127.3, 126.4, 125.2, 57.0, 47.6, 32.2; HRMS 




Lactamization of 5c with Me2Zn [Scheme 37]. 5c (71.2 mg, 0.3 mmol) was dissolved in CHCl3 
(3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to a 
solution of 5c in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 48 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. To a 
solution of residue in CH2Cl2 (3.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 2 h, the reaction 
mixture was diluted with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 
and concentrated under reduced pressure. The residue was purified by preparative TLC (hexane : 
AcOEt = 3 : 1) to afford 7c (36.4 mg, 46%) as a white solid. 
 
1-Phenyl-3-phenylmethyl-5,6-dihydropyridin-2(1H)-one (7c). A white solid; IR (CHCl3): 3009, 
1667 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.73 (2H, dt, J = 7.5, 1.0 Hz), 7.41-7.13 (8H, m), 
6.84-6.79 (1H, m), 3.91 (2H, t, J = 7.0 Hz), 3.55 (2H, br d, J = 7.0 Hz), 2.89-2.85 (2H, m); 13C 
NMR (75 MHz, CDCl3) δ: 167.3, 139.8, 138.7, 132.9, 132.5, 128.9, 128.7, 128.5, 126.5, 124.6, 
119.7, 45.2, 35.3, 21.5; HRMS (ESI) m/z: calcd for C18H18NO [M+H]+ 264.1383, found 264.1383. 
 
Lactamization of 5d with Me2Zn [Scheme 37]. 5d (67.0 mg, 0.3 mmol) was dissolved in CHCl3 
(3.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 
h intervals to the solution of 5d in CHCl3 under a nitrogen atmosphere at room temperature. After 
being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and 
extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced 
pressure. The residue was purified by preparative TLC (hexane : AcOEt = 3 : 1 and n-hexane : 
CHCl3 = 1 : 1) to afford 63a (28.4 mg, 33%) as a white solid and 63b (4.3 mg, 5%) as a white solid.  
 
3-(1’-Chloro-1’-phenylmethyl)-1-phenylpyrrolidin-2(1H)-one (63). Major diastereomer (63a). 
A white solid; IR (CHCl3): 3017, 1693, 1600 cm-1; 1H NMR (500 MHz, CDCl3) δ: 7.66 (2H, br d, J 
= 8.0 Hz), 7.47 (2H, d, J = 7.5 Hz), 7.39 (4H, br t, J = 7.5 Hz), 7.33 (1H, br t, J = 7.5 Hz), 7.18 (1H, 
br t, J = 7.5 Hz), 5.77 (1H, d, J = 3.0 Hz), 3.88 (1H, td, J = 9.5, 2.5 Hz), 3.81 (1H, dt, J = 9.5, 8.0 
Hz), 3.22 (1H, tt, J = 9.0, 3.0 Hz), 2.56 (1H, dq, J = 12.5, 9.0 Hz), 2.20-2.12 (1H, m); 13C NMR 
(125 MHz, CDCl3) δ: 171.7, 139.7, 139.2, 128.9, 128.7, 128.3, 127.0, 124.9, 120.1, 62.5, 51.6, 46.7, 
18.9; HRMS (ESI) m/z: calcd for C17H17NO35Cl [M+H]+ 286.0993, found 286.0991. Minor 
diastereomer (63b). A white solid; IR (CHCl3): 3022, 1690, 1600 cm-1; 1H NMR (500 MHz, 
CDCl3) δ: 7.51 (2H, br d, J = 8.0 Hz), 7.38 (2H, br d, J = 8.0 Hz), 7.33-7.29 (5H, m), 7.13 (1H, br t, 
J = 7.5 Hz), 5.67 (1H, d, J = 4.0 Hz), 3.58 (1H, ddd, J = 9.0, 8.0, 6.0 Hz), 3.46 (1H, ddd, J = 9.0, 7.0, 
4.0 Hz), 3.13 (1H, td, J = 9.0, 4.0 Hz), 2.36-2.29 (1H, m), 2.18-2.11 (1H, m); 13C NMR (125 MHz, 
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CDCl3) δ: 171.5, 156.3, 138.8, 137.1, 128.8, 128.5, 128.2, 127.9, 125.0, 120.3, 61.7, 52.6, 46.7, 







































Reaction of 1a with triphosgene [Table 8, entry 2]. Triphosgene (195.9 mg, 0.66 mmol) was 
added to a solution of 1a (41.0 mg, 0.22 mmol) in CHCl3 (4.4 mL) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (27.7 mg, 51%) and exo-2a (8.3 mg, 15%).  
 
Reaction of 1a with triphosgene [Table 8, entry 3]. Triphosgene (195.9 mg, 0.66 mmol) was 
added to a solution of 1a (41.0 mg, 0.22 mmol) in benzene (4.4 mL) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (12.2 mg, 22%) and exo-2a (4.1 mg, 8%).  
 
Reaction of 1a with triphosgene [Table 8, entry 4]. Triphosgene (195.9 mg, 0.66 mmol) was 
added to a solution of 1a (41.0 mg, 0.22 mmol) in CH2Cl2 (4.4 mL) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 5 : 1) afforded endo-2a (27.8 mg, 51%) and exo-2a (13.0 mg, 24%).  
 
Reaction of 1a with triphosgene [Table 8, entry 5]. Triphosgene (130.6 mg, 0.44 mmol) was 
added to a solution of 1a (41.0 mg, 0.22 mmol) in CH2Cl2 (4.4 mL) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 












Procedure for the preparation of 1h [Scheme 42]. According to the general procedure A, B and C, 
1h was prepared from 30h (1.0g, 4.8 mmol) via 31h and 32h in yields shown in Scheme 42. 
 
5-Bromo-2,3-dihydro-1H-inden-1-one O-Methyloxime (31h). E-31h/Z-31h=3/1. E-31c. White 
powder; Mp: 66-68 °C (hexane-CHCl3); IR (CHCl3): 3017, 2940, 2819, 1594 cm-1; 1H-NMR (300 
MHz, CDCl3)  δ:  7.49 (1H, d, J = 8.0 Hz), 7.40 (1H, d, J = 1.5 Hz), 7.32 (1H, dd, J = 8.0, 1.5 Hz), 
3.96 (3H, s), 3.01-2.94 (2H, m), 2.87-2.80 (2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  161.1, 149.8, 
135.1, 130.1, 128.6, 124.1, 122.6, 62.1, 28.4, 26.3; HRMS (ESI) m/z: calcd for C10H11NO79Br 
[M+H]+ 240.0019, found 240.0020; Z-31c. A colorless oil; IR (neat): 2935, 2897, 2819, 1589 cm-1; 
1H-NMR (300 MHz, CDCl3)  δ:  8.13 (1H, d, J = 8.5 Hz), 7.44 (1H, d, J = 1.0 Hz), 7.38-7.33 (1H, m), 
3.97 (3H, s), 3.06-3.00 (2H, m), 2.87-2.81 (2H, m); 13C-NMR (75 MHz, CDCl3)  δ:  158.1, 151.2, 
132.6, 130.3, 129.9, 128.6, 125.2, 62.3, 29.1, 28.5; HRMS (ESI) m/z: calcd for C10H11NO79Br 
[M+H]+ 240.0019, found 240.0021. 
 
6-Bromo-1,2,3,4-tetrahydro-2,2-di-(2-propen-1-yl)quinoline (32h). A colorless oil; IR (neat): 
3397, 2927, 1486 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.12-7.08 (1H, m), 7.08-7.02 (1H, m), 6.36 
(1H, d, J = 8.5 Hz), 5.93-5.78 (2H, m), 5.20-5.07 (4H, m), 3.85 (1H, br s), 2.75 (2H, t, J = 7.0 Hz), 
2.29 (2H, dd, J = 13.5, 7.0 Hz), 2.19 (2H, dd, J = 13.5, 8.0 Hz), 1.74 (2H, t, J = 7.0 Hz); 13C NMR 
(75 MHz, CDCl3)  δ:  142.4,  133.0,  131.5,  129.3,  122.2,  118.8,  115.8,  108.1,  53.0,  42.5,  29.9,  23.3;  
HRMS (ESI) m/z: calcd for C15H19N79Br [M+H]+ 292.0695, found 292.0697. 
 
6’-Bromo-3’,4’-dihydro-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1h). A colorless oil; IR 
(neat): 3392, 2927, 1486 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.12-7.06 (1H, m), 7.02 (1H, dd, J = 
8.5, 2.5 Hz), 6.30 (1H, d, J = 8.5 Hz), 5.71 (2H, s), 4.08 (1H, br s), 2.79 (2H, t, J = 6.5 Hz), 
2.50-2.32 (4H, m), 1.88 (2H, t, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)   δ:   142.9,  131.7,  129.4,  
128.7, 122.5, 116.0, 108.3, 60.0, 46.4, 32.1, 24.7; HRMS (ESI) m/z: calcd for C13H15N79Br [M+H]+ 
264.0382, found 264.0382. 
 
General procedure for chlorolactamization of 1b-e with Triphosgene (General procedure D) 
[Table 9]. Triphosgene (178.1 mg, 0.6 mmol) was added to a solution of 1b-d,h (0.2 mmol) in 
CH2Cl2 (4.0 mL) under a nitrogen atmosphere at room temperature. After being stirred at the same 
temperature for 24 h, the reaction mixture was diluted with sat. NaHCO3 and extracted with CHCl3. 
The organic phase was dried over MgSO4 and concentrated under reduced pressure. Purification of 
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the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded corresponding products 
endo-2b-d,h and exo-2b-d,h in the yields shown in Table 9.  
 
(2R*,3R*,4aR*)-8-Bromo-3-chloro-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin
-1-one (endo-2h). A colorless oil; IR (neat): 2944, 1712, 1484 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  
8.49 (1H, d, J = 8.5 Hz), 7.31 (1H, d, J = 8.5 Hz), 7.27 (1H, s), 4.60 (1H, dt, J = 9.0, 4.0 Hz), 
3.18-3.11 (1H, m), 2.92-2.71 (2H, m), 2.36 (1H, dd, J = 13.0, 9.5 Hz), 2.14-1.94 (4H, m), 1.79 (1H, 
d, J = 9.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  171.1,  134.1,  131.3,  130.3,  126.7,  120.2,  115.4,  67.3,  




-1-one (exo-2h). Colorless crystals; Mp: 149-155 °C (hexane-CHCl3); IR (CHCl3): 2931, 2853, 
1710, 1484 cm-1; 1H NMR (300 MHz, CDCl3)   δ:   8.35   (1H, d, J = 8.5 Hz), 7.34-7.25 (2H, m), 
4.36-4.29 (1H, m), 3.09 (1H, s), 2.92-2.72 (2H, m), 2.60 (1H, ddd, J = 14.0, 7.5, 2.5 Hz), 2.35 (1H, 
dd, J = 10.0, 1.0 Hz), 2.22-2.09 (2H, m), 2.02 (1H, ddt, J = 10.0, 2.5, 1.5 Hz), 1.94 (1H, dd, J = 14.0, 
2.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  171.6,  133.9,  131.4, 130.2, 126.8, 120.1, 115.8, 68.4, 56.0, 
55.4, 45.6, 41.8, 26.5, 25.4; HRMS (ESI) m/z: calcd for C14H14NO79Br35Cl [M+H]+ 325.9942, found 
325.9942. 
 
Reaction of 5a with triphosgene [Scheme 43]. Triphosgene (267.1 mg, 0.9 mmol) was added to a 
solution of 5a (44.1 mg, 0.3 mmol) in CH2Cl2 (6.0 mL) under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted 
with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 10 : 1) afforded 71 quantitavely. 
 
N,N’-di(but-3-en-1-yl)-N,N’-diphenylurea (71). A colorless oil; IR (neat) 1740 cm-1. 1H NMR 
(500 MHz, CDCl3) δ: 7.46-7.38 (6H, m), 7.23 (4H, d, J = 7.0 Hz), 5.75 (2H, ddt, J = 17.5, 10.5, 6.5 
Hz), 5.13-5.08 (4H, m), 3.81 (4H, t, J = 7.0 Hz), 2.42-2.30 (4H, m); 13C NMR (125 MHz, CDCl3)  δ:  
149.2, 141.7, 134.1, 129.6, 128.6, 128.5, 117.7, 52.2, 31.9; HRMS (ESI) m/z: calcd for C21H25N2O 
[M+H]+ 321.1961, found 321.1970. 
 
Reaction of 5a with triphosgene [Table 10, entry 1]. Triphosgene (267.1 mg, 0.9 mmol) was 
added to a solution of 5a (44.1 mg, 0.3 mmol) in CH2Cl2 (30.0 mL) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
85 
 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. 71 was detected by crude 1H NMR analysis. 
 
Reaction of 5a with triphosgene [Table 10, entry 2]. Triphosgene (267.1 mg, 0.9 mmol) was 
added to a solution of 5a (44.1 mg, 0.3 mmol) in CH2Cl2 (6.0 mL) under a nitrogen atmosphere, and 
the reaction mixture was then heated at reflux. After being stirred at the same temperature for 24 h, 
the reaction mixture was diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase 
was dried over MgSO4 and concentrated under reduced pressure. 71 was detected by crude 1H NMR 
analysis. 
 
Lactamization of 5a with Triphosgene with Lewis acids (General procedure E) [Table 11, 
entry 1, 2, 11, 12, 14, 15]. Triphosgene (267.1 mg, 0.9 mmol) and Lewis acid (0.9 mmol) were 
added to a solution of 5a (44.1 mg, 0.3 mmol) in CH2Cl2 (6.0 mL) under a nitrogen atmosphere, and 
the reaction mixture was then heated at reflux. After being stirred at the same temperature for 24 h, 
the reaction mixture was diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase 
was dried over MgSO4 and concentrated under reduced pressure. To a solution of the residue in 
CH2Cl2 (6.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 2 h, the reaction mixture was diluted 
with H2O and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated 
under reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) 
afforded 7a in yields shown in Table 11. 
 
Reaction of 5a with Triphosgene with AlCl3. [Table 11, entry 4]. Triphosgene (267.1 mg, 0.9 
mmol) and AlCl3 (120.0 mg, 0.9 mmol) were added to a solution of 5a (44.1 mg, 0.3 mmol) in 
CH2Cl2 (6.0 mL) under a nitrogen atmosphere, and the reaction mixture was then heated at reflux. 
After being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. 
NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated 
under reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 10 : 1) 
afforded 72 (47.3 mg, 75%). 
 
3,4-Dihydro-4-methyl-1(2H)-quinolinecarbonyl chloride (72). A colorless oil; IR (neat): 2961, 
2935, 1738 cm-1. 1H NMR (300 MHz, CDCl3) δ: 7.59 (1H, br s), 7.24-7.13 (3H, m), 3.94 (2H, t, J = 
6.0 Hz), 2.92 (1H, sext, J = 7.0 Hz), 2.17 (1H, dq, J = 13.5, 5.5 Hz), 1.66 (1H, dq, J = 13.5, 7.0 Hz), 
1.34 (3H, d, J = 7.0 Hz); 13C NMR (75 MHz, CDCl3)  δ: 148.6, 136.9, 126.7, 126.2, 126.0, 124.7, 




Lactamization of 5a with Triphosgene and Et2Zn [Table 11, entry 16]. Triphosgene (267.1 mg, 
0.9 mmol) and Et2Zn (1.0 M in hexane, 0.9 mL, 0.9 mmol) were added to a solution of 5a (44.1 mg, 
0.3 mmol) in CH2Cl2 (30.0 mL) under a nitrogen atmosphere at room temperature. After being 
stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NaHCO3 and 
extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced 
pressure. To a solution of the residue in CH2Cl2 (6.0 mL) was added DBU (0.13 mL, 0.9 mmol) 
under a nitrogen atmosphere at room temperature. After being stirred at the same temperature for 2 
h, the reaction mixture was diluted with H2O and extracted with CHCl3. The organic phase was 
dried over MgSO4 and concentrated under reduced pressure. Purification of the residue by 
preparative TLC (hexane : AcOEt = 1 : 1) afforded 7a (24.9 mg, 48%). 
 
Chlorolactamization of 50a with triphosgene and Et2Zn [Scheme 44]. Triphosgene (267.1 mg, 
0.9 mmol) and Et2Zn (1.0 M in hexane, 0.9 mL, 0.9 mmol) were added to a solution of 50a (52.0 
mg, 0.3 mmol) in CH2Cl2 (6.0 mL) under a nitrogen atmosphere at room temperature. After being 
stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NaHCO3 and 
extracted with CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced 
pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded 























Aminolactamization of 1a with acetnitrile [Scheme 46]. Triphosgene (178.1 mg, 0.6 mmol) was 
added to a solution of 1a (37.1 mg, 0.2 mmol) in MeCN (4.0 mL) under a nitrogen atmosphere at 
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (AcOEt) 
afforded corresponding products endo-8aA (3.0 mg, 6%) as a colorless oil and exo-8aA (22.5 mg, 
42%) as a colorless foam. 
 
N-[(2R*,3R*,4aR*)-1-Oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin-3-yl]ac-
etamide (endo-8aA). A colorless oil; IR (neat): 3293, 2940, 1701, 1658, 1549, 1493 cm-1; 1H NMR 
(600 MHz, CDCl3)  δ:  8.56  (1H, dd, J = 8.0, 0.5 Hz), 7.26 (1H, t, J = 8.0 Hz), 7.18 (1H, d, J = 7.0 
Hz), 7.04 (1H, td, J = 7.0, 0.5 Hz), 5.79 (1H, br d, J = 5.0 Hz), 4.72 (1H, ddt, J = 9.5, 7.5, 4.0 Hz), 
3.02 (1H, dt, J = 4.0, 1.0 Hz), 2.91 (1H, ddd, J = 16.0, 12.0, 6.0 Hz), 2.83 (1H, dt, J = 16.0, 4.0 Hz), 
2.27 (1H, dd, J = 13.0, 9.5 Hz), 2.15-2.05 (2H, m), 1.96 (1H, ddd, J = 9.5, 3.5, 2.0 Hz), 1.93 (3H, s), 
1.80 (1H, dd, J = 9.5, 1.0 Hz), 1.60 (1H, dt, J = 13.0, 3.5 Hz); 13C NMR (150 MHz, CDCl3)  δ:  172.7,  
170.3, 135.0, 129.0, 127.4, 124.9, 123.2, 118.7, 67.8, 50.6, 48.2, 43.4, 40.8, 27.2, 25.6, 23.1; HRMS 
(ESI) m/z: calcd for C16H19N2O2 [M+H]+ 271.1441, found 271.1444. 
 
N-[(2R*,3S*,4aR*)-1-Oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin-3-yl]ac-
etamide (exo-8aA). A colorless foam; IR (neat): 3289, 2944, 1686, 1654, 1546, 1493 cm-1; 1H 
NMR (600 MHz, CDCl3)  δ:  8.46  (1H, dd, J = 8.0, 0.5 Hz), 7.19 (1H, t, J = 8.0 Hz), 7.12 (1H, d, J = 
8.0 Hz), 6.98 (1H, td, J = 8.0, 1.0 Hz), 6.32 (1H, d, J = 6.0 Hz), 4.33-4.28 (1H, m), 2.92-2.85 (1H, 
m), 2.91 (1H, s), 2.77 (1H, dt, J = 16.0, 4.0 Hz), 2.50 (1H, ddd, J = 13.0, 8.0, 2.5 Hz), 2.17 (1H, td, 
J = 13.0, 5.0 Hz), 2.12 (1H, ddd, J = 13.0, 5.5, 3.5 Hz), 2.00 (3H, s), 2.03-1.94 (2H, m), 1.51 (1H, 
dd, J = 13.0, 3.5); 13C NMR (150 MHz, CDCl3)  δ:  173.3, 170.1, 135.3, 128.9, 127.3, 125.0, 123.1, 
118.6, 67.8, 52.2, 49.1, 42.2, 41.9, 27.0, 25.6, 23.3; HRMS (ESI) m/z: calcd for C16H19N2O2 [M+H]+ 
271.1441, found 271.1441. 
 
Aminolactamization with propionitrile of 1a [Scheme 47]. Triphosgene (356.1 mg, 1.2 mmol) 
was added to a solution of 1a (74.0 mg, 0.4 mmol) in EtCN (8.0 mL) under a nitrogen atmosphere 
at room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was 
diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (AcOEt) 
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afforded corresponding products endo-8aB (8.3 mg, 7%) as colorless crystals and exo-8aB (31.4 mg, 
28%) as a colorless oil. 
 
N-[(2R*,3R*,4aR*)-1-Oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin-3-yl]pr-
opanamide (endo-8aB). Colorless crystals; Decomp. 174 °C (hexane-CHCl3); IR (CHCl3): 3302, 
2940, 1686, 1650, 1542, 1493 cm-1; 1H NMR (600 MHz, CDCl3)  δ:  8.53  (1H, dd, J = 8.5, 1.0 Hz), 
7.23 (1H, t, J = 8.5 Hz), 7.15 (1H, d, J = 7.5 Hz), 7.01 (1H, td, J = 7.5, 1.0 Hz), 5.73 (1H, br d, J = 
5.5 Hz), 4.70 (1H, ddt, J = 9.0, 7.5, 4.0 Hz), 2.99 (1H, dt, J = 4.0, 1.5 Hz), 2.89 (1H, ddd, J = 16.0, 
11.5, 6.0 Hz), 2.80 (1H, dt, J = 16.0, 4.0 Hz), 2.25 (1H, dd, J = 13.0, 9.5 Hz), 2.18-2.05 (4H, m), 
1.94 (1H, ddd, J = 9.5, 3.5, 1.5 Hz), 1.79 (1H, dd, J = 10.0, 1.5 Hz), 1.56 (1H, dt, J = 13.0, 3.5 Hz), 
1.09 (3H, t, J = 7.5 Hz); 13C NMR (150 MHz, CDCl3) δ:  174.0,  172.8,  135.0,  129.0,  127.4,  125.0,  
123.2, 118.7, 67.8, 50.7, 48.1, 43.4, 40.9, 29.4, 27.2, 25.6, 9.6; HRMS (ESI) m/z: calcd for 
C17H21N2O2 [M+H]+ 285.1598, found 285.1593. 
 
N-[(2R*,3S*,4aR*)-1-Oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin-3-yl]pr-
opanamide (exo-8aB). A colorless oil; IR (neat): 3293, 2940, 1684, 1647, 1542, 1493 cm-1; 1H 
NMR (500 MHz, CDCl3)  δ:  8.47  (1H, dd, J = 8.5, 0.5 Hz), 7.19 (1H, t, J = 8.0 Hz), 7.12 (1H, d, J = 
7.5 Hz), 6.98 (1H, td, J = 7.5, 1.0 Hz), 5.86 (1H, br d, J = 5.5 Hz), 4.34-4.28 (1H, m), 2.892 (1H, s), 
2.888 (1H, ddd, J = 16.0, 12.0, 5.0 Hz), 2.78 (1H, dt, J = 16.0, 4.0 Hz), 2.53 (1H, ddd, J = 13.0, 7.5, 
2.0 Hz), 2.21 (2H, q, J = 7.5 Hz), 2.21-2.08 (2H, m), 2.02-1.94 (2H, m), 1.47 (1H, dd, J = 13.0, 3.5 
Hz), 1.15 (3H, t, J = 7.5 Hz); 13C NMR (125 MHz, CDCl3)  δ:  173.6,  173.1,  135.3,  128.8,  127.4,  
124.9, 123.0, 118.6, 67.8, 52.2, 49.0, 42.6, 42.0, 29.6, 27.1, 25.6, 9.8; HRMS (ESI) m/z: calcd for 
C17H21N2O2 [M+H]+ 285.1598, found 285.1597. 
 
General procedure for the aminolactamization of 1b-d,h [Table 12]. Triphosgene (178.1 mg, 0.6 
mmol) was added to a solution of 1b-d,h (0.2 mmol) in MeCN (4.0 mL) under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction 
mixture was diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. Purification of the residue by preparative TLC 
(AcOEt) afforded corresponding products endo-8bA-dA,hA and exo-8bA-dA,hA in the yields 
shown in Table 12.  
 
N-[(2R*,3R*,4aR*)-8-Methoxy-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinoli
zin-3-yl]acetamide (endo-8bA). Colorless crystals; Decomp. 202 °C (hexane-CHCl3). IR (CHCl3): 
3422, 3009, 1678, 1499 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.47  (1H, d, J = 9.0 Hz), 6.80 (1H, dd, 
J = 9.0, 3.0 Hz), 6.70 (1H, d, J = 3.0 Hz), 5.77 (1H, br d, J = 7.5 Hz), 4.69 (1H, ddt, J = 9.5, 7.5, 4.0 
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Hz), 3.79 (3H, s), 3.00-2.96 (1H, m), 2.95-2.70 (2H, m), 2.30 (1H, s), 2.24 (1H, dd, J = 130, 9.5 Hz), 
2.12-2.04 (2H, m), 1.91 (3H, s), 1.76 (1H, dd, J = 10.0, 1.5 Hz), 1.60-1.48 (1H, m); 13C NMR (75 
MHz, CDCl3)  δ: 172.2, 170.3, 155.3, 128.6, 126.6, 119.8, 114.2, 112.5, 67.7, 55.4, 50.5, 48.4, 43.4, 
40.6, 27.2, 25.8, 23.1; HRMS (ESI) m/z: calcd for C17H21N2O3 [M+H]+ 301.1547, found 301.1548. 
 
N-[(2R*,3S*,4aR*)-8-Methoxy-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinoliz
in-3-yl]acetamide (exo-8bA). A white powder; Mp: 91-95 °C (hexane-CHCl3). IR (CHCl3): 3444, 
3004, 1693, 1501 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.39  (1H, d, J = 9.0 Hz), 6.76 (1H, dd, J = 
9.0, 3.0 Hz), 6.67 (1H, d, J = 2.5 Hz), 5.81 (1H, br s), 4.34-4.26 (1H, m), 3.77 (3H, s), 2.89 (1H, s), 
2.94-2.82 (1H, m), 2.74 (1H, dt, J = 16.5, 4.0 Hz), 2.50 (1H, dd, J = 13.0, 8.5 Hz), 2.23-2.04 (2H, 
m), 2.00 (3H, s), 1.95 (2H, s), 1.46 (1H, dd, J = 13.0, 3.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  172.8,  
170.2, 155.1, 128.8, 126.6, 119.7, 114.1, 112.4, 67.7, 55.4, 52.1, 49.2, 41.9, 41.8, 27.0, 25.8, 23.2; 
HRMS (ESI) m/z: calcd for C17H21N2O3 [M+H]+ 301.1547, found 301.1548. 
 
N-[(2R*,3R*,4aR*)-9-Methyl-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizi
n-3-yl]acetamide (endo-8cA). Colorless crystals; Decomp. 165 °C (hexane-CHCl3); IR (CHCl3): 
1682, 1602, 1508 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.36  (1H, s), 7.02 (1H, d, J = 7.5 Hz), 6.81 
(1H, dd, J = 7.5, 1.0 Hz), 5.85-5.70 (1H, m), 4.67 (1H, ddt, J = 9.5, 7.5, 4.0 Hz), 3.00-2.94 (1H, m), 
2.90-2.70 (2H, m), 2.34 (3H, s), 2.23 (1H, dd, J = 13.0, 9.5 Hz), 2.12-2.02 (2H, m), 1.99-1.86 (1H, 
m), 1.90 (3H, s), 1.76 (1H, dd, J = 9.5, 1.0 Hz), 1.56 (1H, dt, J = 13.0, 3.0 Hz); 13C NMR (75 MHz, 
CDCl3)  δ:  172.5,  170.1,  137.1,  134.7,  128.7,  123.9,  121.9,  119.0,  67.8,  50.7,  48.3,  43.4,  40.8,  27.4,  
25.3, 23.2, 21.5; HRMS (ESI) m/z: calcd for C17H21N2O2 [M+H]+ 285.1598, found 285.1599. 
 
N-[(2R*,3S*,4aR*)-9-Methyl-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizi
n-3-yl]acetamide (exo-8cA). A colorless foam; IR (neat): 3293, 2940, 1686, 1546, 1508 cm-1; 1H 
NMR (300 MHz, CDCl3)  δ:  8.29  (1H, s), 7.05 (1H, d, J = 6.5 Hz), 7.01 (1H, d, J = 8.0 Hz), 6.80 
(1H, d, J = 8.0 Hz), 4.33-4.23 (1H, m), 2.91 (1H, s), 2.82 (1H, dd, J = 16.0, 8.5 Hz), 2.71 (1H, dt, J 
= 16.0, 4.0 Hz), 2.56 (1H, br s), 2.43 (1H, ddd, J = 13.0, 8.0, 2.5 Hz), 2.30 (3H, s), 2.18-1.88 (3H, 
m), 2.01 (3H, s), 1.56 (1H, dd, J = 13.0, 3.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  173.4,  170.2,  136.9,  
134.9, 128.6, 123.8, 122.0, 118.8, 67.9, 52.3, 49.1, 41.8, 41.5, 27.2, 25.2, 23.2, 21.5; HRMS (ESI) 
m/z: calcd for C17H21N2O2 [M+H]+ 285.1598, found 285.1597. 
 
N-[(2R*,3R*,4aR*)-8-Chloro-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizi
n-3-yl]acetamide (endo-8dA). Colorless crystals; Decomp. 160 °C (hexane-CHCl3); IR (CHCl3): 
3294, 1704, 1658, 1555, 1486 cm-1; 1H NMR (300 MHz, CDCl3)   δ:   8.46   (1H, d, J = 9.0 Hz), 
7.20-7.07 (2H, m), 5.90-5.75 (1H, m), 4.67 (1H, ddt, J = 9.5, 7.5, 4.0 Hz), 3.04-2.96 (1H, m), 
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2.94-2.72 (2H, m), 2.24 (1H, dd, J = 13.0, 9.5 Hz), 2.16-1.84 (3H, m), 1.91 (3H, s), 1.79 (1H, d, J = 
10.0 Hz), 1.54 (1H, dt, J = 13.0, 3.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  172.5,  170.1,  133.4,  128.6,  
127.9, 127.2, 126.5, 119.7, 67.7, 50.5, 48.3, 43.3, 40.6, 26.9, 25.5, 23.2; HRMS (ESI) m/z: calcd for 
C16H17N2O2 Na 35Cl [M+Na]+ 327.0871, found 327.0865. 
 
N-[(2R*,3S*,4aR*)-8-Chloro-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin
-3-yl]acetamide (exo-8dA). A white powder; Mp: 218-220 °C (hexane-CHCl3); IR (CHCl3): 3288, 
2946, 1704, 1655, 1554, 1486 cm-1; 1H NMR (300 MHz, CDCl3)   δ:   8.41   (1H, d, J = 8.5 Hz), 
7.16-7.08 (2H, m), 5.89-5.78 (1H, m), 4.35-4.24 (1H, m), 2.90 (1H, s), 2.84 (1H, dd, J = 10.5, 6.5 
Hz), 2.75 (1H, dt, J = 16.5, 4.0 Hz) 2.54-2.44 (1H, m), 2.23-2.08 (2H, m), 2.00 (3H, s), 1.97 (1H, s), 
1.74 (1H, s), 1.46 (1H, dd, J = 13.0, 3.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  172.7,  169.6,  133.7,  
128.4, 127.8, 127.2, 126.4, 119.7, 67.7, 52.0, 49.1, 42.5, 41.9, 26.8, 25.5, 23.4; HRMS (ESI) m/z: 
calcd for C16H17N2O2Na35Cl [M+Na]+ 327.0871, found 327.0863. 
 
N-[(2R*,3R*,4aR*)-8-Bromo-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizi
n-3-yl]acetamide (endo-8hA). Colorless crystals; Decomp. 170 °C (hexane-CHCl3); IR (CHCl3): 
3288, 2938, 1704, 1656, 1555, 1484 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.40  (1H, d, J = 8.5 Hz), 
7.33-7.24 (2H, m), 5.84-5.66 (1H, m), 4.67 (1H, ddt, J = 9.5, 7.5, 4.0 Hz), 3.00 (1H, dt, J = 4.0, 1.5 
Hz), 2.93-2.68 (2H, m), 2.24 (1H, dd, J = 13.0, 9.5 Hz), 2.16-1.98 (2H, m), 1.97-1.84 (1H, m), 1.91 
(3H, s), 1.78 (1H, d, J = 10.0 Hz), 1.54 (1H, dt, J = 13.0, 3.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  
172.6, 170.1, 133.9, 131.5, 130.2, 126.9, 120.1, 115.7, 67.7, 50.6, 48.3, 43.3, 40.7, 26.9, 25.4, 23.2; 
HRMS (ESI) m/z: calcd for C16H18N2O279Br [M+H]+ 349.0546, found 349.0542. 
 
N-[(2R*,3S*,4aR*)-8-Bromo-1-oxo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin
-3-yl]acetamide (exo-8hA). Colorless crystals; Decomp. 190 °C (hexane-CHCl3); IR (CHCl3): 
3288, 2947, 1706, 1550, 1485 cm-1; 1H NMR (300 MHz, CDCl3)   δ:   8.34   (1H, d, J = 9.5 Hz), 
7.30-7.22 (2H, m), 6.61 (1H, br d, J = 6.5 Hz), 4.34-4.23 (1H, m), 2.90 (1H, s), 2.92-2.79 (1H, m), 
2.74 (1H, dt, J = 16.5, 4.0 Hz), 2.44 (1H, ddd, J = 13.0, 8.5, 2.0 Hz), 2.20-2.08 (2H, m), 2.05 (1H, d, 
J = 10.0 Hz), 1.99 (3H, s), 1.94 (1H, d, J = 10.0 Hz), 1.53 (1H, dd, J = 13.0, 3.5 Hz); 13C NMR (75 
MHz, CDCl3)   δ:   173.1,   169.9,   134.1,   131.4,   130.0,   126.9,   119.9,   115.4,   67.7,   52.2,   49.0,   41.84,  










Reaction of 2a with triphosgene and acetonitrile [Scheme 48]. Triphosgene (81.9 mg, 0.276 
mmol) was added to a solution of 2a (22.8 mg, 0.092 mmol) in MeCN (1.84 mL) under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction 
mixture was diluted with sat. NaHCO3 and extracted with CHCl3. The organic phase was dried over 


































Procedure for the preparation of N-phenylethylaniline (9a) [Scheme 52]. 54, 55) According to the 
reported procedure in the literature, 54) 9a was prepared from 52 and 58b in yield shown in Scheme 
52. The spectral data were identical with those reported in the literature. 55) 
 
Procedure for the preparation of N-benzyl-2-phenylethylamine (9b) [Scheme 52]. 56) According 
to the reported procedure in the literature, 9b was prepared from 76 and 77 in yield shown in 
Scheme 52. The spectral data were identical with those reported in the literature. 
 
Reaction of 9a with Me2Zn [Table 13, entry 1]. 9a (59.2 mg, 0.3 mmol) was dissolved in CHCl3 
(30.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the 
solution of 9a in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. 
Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded 11a (47.9 mg, 
72%) as a white solid.  
 
2-Phenyl-3,4-dihydroisoquinolin-1(2H)-one (11a). 57) Colorless crystals; Mp: 98-102 °C 
(hexane-CHCl3); IR (CHCl3): 3009, 1652, 1495 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.15 (1H, d, J 
= 7.5 Hz), 7.48-7.32 (6H, m), 7.28-7.16 (2H, m), 3.95 (2H, t, J = 6.5 Hz), 3.10 (2H, t, J = 6.5 Hz); 
13C NMR (75 MHz, CDCl3)  δ:  164.0, 143.0, 138.2, 131.9, 130.0, 128.7, 128.5, 127.0, 126.8, 126.1, 
125.2, 49.2, 28.4; HRMS (ESI) m/z: Calcd for C15H14NO [M+H]+ 224.1070, Found 224.1069. 
 
Reaction of 9b with Me2Zn [Table 13, entry 2]. 9b (31.7 mg, 0.15 mmol) was dissolved in CHCl3 
(15.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the 
solution of 9b in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. 
Purification of the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded 11b (28.1 mg, 
79%) as a colorless oil.  
 
2-Benzyl-3,4-dihydroisoquinolin-1(2H)-one (11b). 58) A colorless oil; IR (neat): 3026, 2901, 1650, 
1602 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.15 (1H, dd, J = 7.5, 1.5 Hz), 7.45-7.24 (7H, m), 7.16 
(1H, br d), 4.80 (2H, s), 3.49 (2H, t, J = 6.5 Hz), 2.93 (2H, t, J = 6.5 Hz); 13C NMR (75 MHz, 
CDCl3)  δ:  164.4, 137.9, 137.3, 131.6, 129.3, 128.5, 128.4, 127.9, 127.3, 126.9, 126.8, 50.5, 45.5, 
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28.2; HRMS (ESI) m/z: Calcd for C16H16NO [M+H]+ 238.1227, Found 238.1224. 
 
Reaction of 9c with Me2Zn [Table 13, entry 3]. 9c (40.6 mg, 0.3 mmol) was dissolved in CHCl3 
(30.0 mL) under air atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the 
solution of 9c in CHCl3 under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. 
Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded 11c (29.8 mg, 
62%) as a colorless oil.  
 
2-Methyl-3,4-dihydroisoquinolin-1(2H)-one (11c). 59) A colorless oil; IR (neat): 3491, 2944, 2858, 
1645, 1604, 1576 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  8.08 (1H, ddd, J = 7.5, 1.0, 0.5 Hz), 7.40 
(1H, td, J = 7.0, 1.5 Hz), 7.36-7.28 (1H, m), 7.17 (1H, dt, J = 7.5, 0.5 Hz), 3.56 (2H, t, J = 6.5 Hz), 
3.15 (3H, s), 3.00 (2H, t, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  164.7, 137.8, 131.4, 129.2, 
127.9, 126.9, 126.8, 48.0, 35.1, 27.7; HRMS (ESI) m/z: Calcd for C10H12NO [M+H]+ 162.0913, 
Found 162.0912. 
 
Reaction of 9a with triphosgene and Et2Zn [Scheme 53]. Triphosgene (267.1 mg, 0.9 mmol) and 
Et2Zn (1.0 M in n-hexane, 0.9 mL, 0.9 mmol) were added to a solution of 9a (59.2 mg, 0.3 mmol) 
in CH2Cl2 (30.0 mL) under a nitrogen atmosphere at room temperature. After being stirred at the 
same temperature for 24 h, the reaction mixture was diluted with sat. NaHCO3 and extracted with 
CHCl3. The organic phase was dried over MgSO4 and concentrated under reduced pressure. 
Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded corresponding 

















Reaction of 12a and 13A with Me2Zn [Table 14, entry 1]. 12a (40.0 mg, 0.3 mmol) and 13A 
(39.4 mg, 0.3 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in 
hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 h intervals to the mixture under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction 
mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. Purification of the residue by preparative TLC 
(hexane : AcOEt = 2 : 1) afforded 15aA (15.6 mg, 18%). 
 
Reaction of 12a and 13A with Me2Zn [Table 14, entry 2]. 12a (40.0 mg, 0.3 mmol) and 13A 
(78.7 mg, 0.6 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in 
hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 h intervals to the mixture under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction 
mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. Purification of the residue by preparative TLC 
(hexane : AcOEt = 2 : 1) afforded 15aA (17.7 mg, 20%). 
 
Reaction of 12a and 13A with Me2Zn [Table 14, entry 3]. 12a (40.0 mg, 0.3 mmol) and 13A 
(78.7 mg, 0.6 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in 
hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 2 : 1) afforded 15aA (48.5 mg, 56%). 
 
Reaction of 12a and 13A with Me2Zn [Table 14, entry 4]. 12a (40.0 mg, 0.3 mmol) and 13A 
(118.1 mg, 0.9 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in 
hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 2 : 1) afforded 15aA (58.1 mg, 67%). 
 
Reaction of 12a and 13A with Me2Zn [Table 14, entry 5]. 12a (40.0 mg, 0.3 mmol) and 13A 
(157.4 mg, 1.2 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in 
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hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 2 : 1) afforded 15aA (80.8 mg, 93%). 
 
Reaction of 12a and 13A with Me2Zn [Table 14, entry 6]. 12a (40.0 mg, 0.3 mmol) and 13A 
(157.4 mg, 1.2 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. Me2Zn (1.0 M in 
hexane, 1.8 mL, 1.8 mmol) was added to the mixture under a nitrogen atmosphere at room 
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted 
with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 2 : 1) afforded 15aA (66.4 mg, 76%). 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1-methyl-1H-indol-3-yl)-methanone (15aA). Colorless 
crystals; Mp: 153-154 °C (hexane-CHCl3); IR (CHCl3): 3009, 2948, 1615, 1602, 1579, 1531 cm-1; 
1H NMR (300 MHz, CDCl3)  δ:  7.62 (1H, d, J = 8.0 Hz), 7.30-7.04 (6H, m), 6.98 (1H, t, J = 7.0 Hz), 
6.86 (1H, t, J = 7.0 Hz), 3.97 (2H, t, J = 6.5 Hz), 3.72 (3H, s), 2.87 (2H, t, J = 6.5 Hz), 2.05 (2H, 
quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  166.2, 140.0, 136.4, 133.2, 131.3, 128.2, 126.5, 
125.6, 124.9, 124.0, 122.2, 121.3, 121.0, 110.9, 109.3, 44.6, 33.2, 27.1, 24.4; HRMS (ESI) m/z: 




















General procedure for Friedel-Crafts-type carbamoylation (General procedure E) [Scheme 56, 
57, 59]. 12a-m (0.3 mmol) and 13A-F (1.2 mmol) was dissolved in CHCl3 (3.0 mL) under air 
atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 48 h, the reaction 
mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. Purification of the residue by preparative TLC 
(hexane : AcOEt = 2 : 1) afforded 15bA-mA, 15aB-aF in the yields shown in Scheme 56, 57, 59.  
 
[3’,4’-Dihydro-2’(1’H)-isoquinolinyl](1-methyl-1H-indol-3-yl)-methanone (15bA). A colorless 
oil; IR (neat): 3000, 2931, 1611, 1533 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.58 (1H, d, J = 8.0 Hz), 
7.26 (1H, s), 7.22-6.96 (6H, m), 6.91 (1H, br s), 4.73 (2H, s), 3.78 (2H, t, J = 5.5 Hz), 3.66 (3H, s), 
2.82 (2H, t, J = 5.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  166.6, 136.4, 134.5, 133.5, 131.0, 128.6, 
126.4, 126.23, 126.16, 122.3, 120.75, 120.73, 110.6, 109.6, 109.3, 47.5, 43.2, 33.1, 29.3; HRMS 
(ESI) m/z: calcd for C19H19N2O [M+H]+ 291.1492, found 291.1488. 
 
(1-Methyl-1H-indol-3-yl)(piperidin-1’-yl)-methanone (15cA). 66) A yellow solid; Mp: 99-101 °C 
(hexane-CHCl3); IR (CHCl3): 3000, 2940, 1600, 1538 cm-1; 1H NMR (300 MHz, CDCl3)   δ:  7.67 
(1H, d, J = 7.5 Hz), 7.34 (1H, s), 7.32-7.12 (3H, m), 3.75 (3H, s), 3.66-3.60 (4H, m), 1.73-1.54 (6H, 
m); 13C NMR (75 MHz, CDCl3)  δ:  166.1, 136.1, 130.8, 126.0, 122.0, 120.4 (2C), 110.8, 109.4, 46.1 
(br), 32.9, 26.3, 24.7; HRMS (ESI) m/z: calcd for C15H19N2O [M+H]+ 243.1492, found 243.1488. 
 
(1-Methyl-1H-indol-3-yl)(pyrrolidin-1’-yl)-methanone (15dA). 66) A white solid; Mp: 105-108 °C 
(hexane-CHCl3); IR (CHCl3): 3694, 2991, 1598, 1536 cm-1; 1H NMR (300 MHz, CDCl3)   δ:  8.13 
(1H, d, J = 7.5 Hz), 7.32 (1H, s), 7.30-7.16 (3H, m), 3.75 (3H, s), 3.65 (4H, br s), 1.92 (4H, m); 13C 
NMR (75 MHz, CDCl3)  δ:  165.1, 136.2, 130.4, 127.3, 122.3, 122.0, 120.7, 111.1, 109.1, 47.5 (br), 
33.1, 25.5 (br); HRMS (ESI) m/z: calcd for C14H17N2O [M+H]+ 229.1335, found 229.1332. 
 
(Azepan-1’-yl)(1-methyl-1H-indol-3-yl)-methanone (15eA).  66) A white solid; Mp: 113-114 °C 
(hexane-CHCl3); IR (CHCl3): 2935, 1600, 1538 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.79 (1H, d, J 
= 8.0 Hz), 7.32-7.13 (4H, m), 3.77 (3H, s), 3.68 (4H, t, J = 6.0 Hz), 1.76 (4H, br s), 1.60 (4H, br s); 
13C NMR (75 MHz, CDCl3)  δ:  167.0, 136.3, 129.5, 126.7, 122.2, 121.1, 120.4, 112.2, 109.3, 48.1 





(1-Methyl-1H-indol-3-yl)-4-morpholinyl-methanone (15fA). 65) A colorless oil; IR (neat): 3478, 
2966, 2914, 2853, 1611, 1536 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.70-7.65 (1H, m), 7.44 (1H, s), 
7.35 (1H, dd, J = 8.5, 0.5 Hz), 7.32-7.19 (2H, m), 3.82 (3H, s), 3.74 (8H, s); 13C NMR (75 MHz, 
CDCl3)   δ:  166.6, 136.4, 131.6, 125.8, 122.4, 120.9, 120.4, 110.1, 109.7, 67.1, 45.8, 33.1; HRMS 
(ESI) m/z: calcd for C14H17N2O2 [M+H]+ 245.1285, found 245.1283. 
 
N,1-Dimethyl-N-phenyl-1H-indole-3-carboxamide (15gA). 68) Colorless crystals; Mp: 131-136 °C 
(hexane-CHCl3); IR (CHCl3): 3690, 1613, 1594, 1529 cm-1; 1H NMR (300 MHz, CDCl3)   δ:  
8.30-8.24 (1H, m), 7.39-7.16 (8H, m), 6.12 (1H, s), 3.52 (3H, s), 3.49 (3H, s); 13C NMR (75 MHz, 
CDCl3)   δ:   165.9, 145.7, 136.0, 132.7, 129.4, 128.1, 127.7, 127.0, 122.43, 122.40, 121.2, 109.4, 
109.0, 38.2, 33.0; HRMS (ESI) m/z: calcd for C17H17N2O [M+H]+ 265.1335, found 265.1332. 
 
N,1-Dimethyl-N-(phenylmethyl)-1H-indole-3-carboxamide (15hA). 65) A colorless oil; IR (neat): 
2914, 1611, 1533 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.85 (1H, dd, J = 7.0, 1.0 Hz), 7.38-7.15 (9H, 
m), 4.78 (2H, s), 3.72 (3H, s), 3.05 (3H, s); 13C NMR (75 MHz, CDCl3)   δ:  167.4, 137.5, 136.4, 
130.4, 128.5, 127.3, 127.2, 126.9, 122.3, 121.1, 120.8, 110.2, 109.4, 53.1, 35.3, 33.0; HRMS (ESI) 
m/z: calcd for C18H19N2O [M+H]+ 279.1492, found 279.1487. 
 
1-Methyl-N,N-bis(phenylmethyl)-1H-indole-3-carboxamide (15iA). A colorless foam; IR (neat): 
3026, 2914, 1710, 1615, 1531 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.96-7.92 (1H, m), 7.39-7.18 
(14H, m), 4.72 (4H, s), 3.70 (3H, s); 13C NMR (75 MHz, CDCl3)   δ:  167.6, 137.3, 136.5, 129.9, 
128.6, 127.5, 127.2, 127.1, 122.5, 121.1, 120.9, 109.8, 109.4, 49.6 (br), 33.1; HRMS (ESI) m/z: 
calcd for C24H23N2O [M+H]+ 355.1805, found 335.1802. 
 
N,N-Diethyl-1-methyl-1H-indole-3-carboxamide (15jA). 69) A colorless oil; IR (neat): 2970, 2935, 
1721, 1609, 1536 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.76 (1H, dd, J = 8.0, 1.0 Hz), 7.34-7.15 (4H, 
m), 3.80 (3H, s), 3.57 (4H, q, J = 7.0 Hz), 1.22 (6H, t, J = 7.0 Hz); 13C NMR (75 MHz, CDCl3)  δ:  
166.7, 136.3, 129.3, 126.6, 122.3, 120.8, 120.5, 111.1, 109.4, 41.2 (br), 33.0, 13.8; HRMS (ESI) 
m/z: calcd for C14H19N2O [M+H]+ 231.1492, Found 231.1489. 
 
1-Methyl-N,N-dipropyl-1H-indole-3-carboxamide (15kA). A colorless oil; IR (neat): 2961, 2931, 
2875, 1611, 1536 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.73 (1H, d, J = 8.0 Hz), 7.33-7.14 (4H, m), 
3.76 (3H, s), 3.48 (4H, t, J = 7.5 Hz), 1.72-1.55 (4H, m), 0.88 (6H, br t, J = 7.0 Hz); 13C NMR (75 
MHz, CDCl3)   δ:   167.2, 136.2, 129.6, 126.4, 122.1, 120.6, 120.4, 111.2, 109.4, 48.2, 32.9, 21.3, 




1-Methyl-N,N-bis(1’-methylethyl)-1H-indole-3-carboxamide (15lA). Colorless crystals; Mp: 
162-165 °C (hexane-CHCl3); IR (CHCl3): 3694, 1604, 1538 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  
7.72 (1H, d, J = 7.5 Hz), 7.29-7.18 (2H, m), 7.16-7.10 (2H, m), 3.95 (2H, br s), 3.74 (3H, s), 1.38 
(12H, d, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  166.3, 136.2, 127.8, 126.7, 122.1, 120.4, 120.1, 
113.0, 109.2, 48.1, 32.9, 21.3; HRMS (ESI) m/z: calcd for C16H23N2O [M+H]+ 259.1805, found 
259.1802. 
 
1-Methyl-N,N-di-(2’-propen-1’-yl)-1H-indole-3-carboxamide (15mA). A colorless oil; IR (neat): 
2918, 1615, 1531 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.93 (1H, dt, J = 8.0, 1.0 Hz), 7.37 (1H, s), 
7.35-7.18 (3H, m), 5.96-5.82 (2H, m), 5.27 (2H, s), 5.22 (2H, dd, J = 6.5, 1.5 Hz), 4.15 (4H, d, J = 
5.5 Hz), 3.79 (3H, s); 13C NMR (75 MHz, CDCl3)  δ:  167.0, 136.4, 133.7, 129.6, 127.1, 122.4, 121.2, 
120.8, 117.0, 109.8, 109.3, 49.1 (br), 33.1; HRMS (ESI) m/z: calcd for C16H19N2O [M+H]+ 
255.1492, Found 255.1490. 
 
Procedure for the preparation of 1,5-dimethyl-1H-indole (13D) [Scheme 58]. 70) According to 
the reported procedure in the literature, 70a, b) 13D was prepared from 85D in yield shown in Scheme 
58. The spectral data were identical with those reported in the literature. 70c) 
 
Procedure for the preparation of 5-bromo-1-methyl-1H-indole (13F) [Scheme 58]. 70) 
According to the reported procedure in the literature, 70a, b) 13F was prepared from 85F in yield 
shown in Scheme 58. The spectral data were identical with those reported in the literature. 70b) 
 
Procedure for the preparation of 1-methyl-5-methoxy-1H-indole (13E). [Scheme 58]. 70c, 71) 
According to the reported procedure in the literature, 71) 13E was prepared from 13F in yield shown 
in Scheme 58. The spectral data were identical with those reported in the literature. 70c) 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1H-indol-3-yl)-methanone (15aB). A white powder; Mp: 
187-192 °C (hexane-CHCl3); IR (CHCl3): 3690, 3026, 1600 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  
9.23 (1H, br s), 7.61(1H, d, J = 8.0 Hz), 7.26-7.01 (6H, m), 6.95 (1H, td, J = 7.5, 1.5 Hz), 6.84 (1H, 
td, J = 7.5, 1.5 Hz), 3.95 (2H, t, J = 6.5 Hz), 2.84 (2H, t, J = 6.5 Hz), 2.02 (2H, quint, J = 6.5 Hz); 
13C NMR (75 MHz, CDCl3)  δ:  167.2, 139.7, 135.7, 131.5, 129.4, 128.4, 125.7, 125.6, 125.0, 124.3, 
122.5, 121.1, 120.7, 111.6, 44.8, 26.9, 24.3; HRMS (ESI) m/z: calcd for C18H17N2O [M+H]+ 
277.1335, found 277.1332. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1,2-dimethyl-1H-indol-3-yl)-methanone (15aC). Yellowish 
crystals; Mp: 172-175 °C (hexane-CHCl3); IR (CHCl3): 3694, 2996, 2931, 2250, 1600, 1538 cm-1; 
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1H NMR (300 MHz, CDCl3)  δ:  7.45 (1H, d, J = 8.0 Hz), 7.23 (1H, d, J = 6.5 Hz), 7.18-6.98 (4H, m), 
6.91 (1H, td, J = 7.0, 1.0 Hz), 6.86-6.79 (1H, m), 4.08-3.96 (1H, m), 3.90-3.75 (1H, m), 3.63 (3H, s), 
2.91-2.82 (2H, m), 2.32 (3H, s), 2.02 (2H, quint, J = 3.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  167.4, 
139.6, 139.5, 136.3, 130.4, 128.3, 125.9, 125.6, 123.8, 123.6, 121.3, 120.5, 119.7, 109.2, 108.8, 
45.1, 29.6, 27.3, 24.3, 11.4; HRMS (ESI) m/z: calcd for C20H21N2O [M+H]+ 305.1648, found 
305.1642. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1,5-dimethyl-1H-indol-3-yl)-methanone (15aD). A colorless 
oil; IR (neat): 2944, 1624, 1579, 1529 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.48 (1H, d, J = 0.5 Hz), 
7.19-6.94 (6H, m), 6.87 (1H, td, J = 7.5, 1.0 Hz), 3.96 (2H, t, J = 6.5 Hz), 3.66 (3H, s), 2.86 (2H, t, 
J = 6.5 Hz), 2.37 (3H, s), 2.03 (2H, quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  166.4, 140.1, 
134.9, 133.1, 131.4, 130.4, 128.1, 126.9, 125.5, 125.0, 123.9, 123.8, 121.1, 110.2, 109.0, 44.6, 33.1, 
27.1, 24.5, 21.5; HRMS (ESI) m/z: calcd for C20H21N2O [M+H]+ 305.1648, found 305.1645. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](5-methoxy-1-methyl-1H-indol-3-yl)-methanone (15aE). 
Colorless crystals; Mp: 128-130 °C (hexane-CHCl3); IR (CHCl3): 1622, 1604, 1576, 1529 cm-1; 1H 
NMR (300 MHz, CDCl3)  δ:  7.20-7.04 (5H, m), 6.98 (1H, td, J = 7.5, 1.5 Hz), 6.88 (1H, dd, J = 7.5, 
1.5 Hz), 6.84 (1H, dd, J = 9.0, 3.5 Hz), 3.98 (2H, t, J = 6.5 Hz), 3.73 (3H, s), 3.68 (3H, s), 2.86 (2H, 
t, J = 6.5 Hz), 2.06 (2H, quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)   δ:  166.3, 155.1, 140.2, 
133.5, 131.6, 131.5, 128.1, 127.1, 125.7, 124.9, 124.0, 113.1, 110.3, 110.1, 102.6, 55.6, 44.4, 33.3, 
27.2, 24.5; HRMS (ESI) m/z: calcd for C20H21N2O2 [M+H]+ 321.1598, found 321.1592. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](5-bromo-1-methyl-1H-indol-3-yl)-methanone (15aF). A 
colorless oil; IR (neat): 2944, 1622, 1579, 1527 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.74 (1H, d, J 
= 2.0 Hz), 7.28-6.95 (6H, m), 6.88-6.82 (1H, m), 3.94 (2H, t, J = 6.5 Hz), 3.66 (3H, s), 2.85 (2H, t, 
J = 6.5 Hz), 2.04 (2H, quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  165.5, 139.8, 135.1, 133.9, 
131.8, 128.3, 128.1, 125.6, 125.2, 124.8, 124.4, 124.0, 114.7, 110.8, 110.5, 44.4, 33.3, 27.1, 24.4; 
HRMS (ESI) m/z: calcd for C19H18N2O79Br [M+H]+ 369.0597, found 369.0597. 
 
Procedure for the preparation of 1-(phenylmethyl)-1H-pyrrole (16C) [Scheme 60]. 72) 
According to the reported procedure in the literature, 16C was prepared from 16B in yield shown in 
Scheme 60. The spectral data were identical with those reported in the literature. 
 
Procedure for the preparation of 1H-pyrrole-1-carboxylic Acid 1,1-Dimethylethyl Ester (16D) 
[Scheme 60]. 72) According to the reported procedure in the literature, 16D was prepared from 16B 
in yield shown in Scheme 60. The spectral data were identical with those reported in the literature. 
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General procedure for Friedel-Crafts-type carbamoylation (General procedure F) [Table 15]. 
12a (40.0 mg, 0.3 mmol) and 16A-D (1.2 mmol) was dissolved in CHCl3 (3.0 mL) under air 
atmosphere. Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen 
atmosphere at room temperature. After being stirred at the same temperature for 48 h, the reaction 
mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over 
MgSO4 and concentrated under reduced pressure. Purification of the residue by preparative TLC 
(hexane : AcOEt = 2 : 1) afforded 17aA-aD and 18aA-aD in the yields shown in Table 15.  
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1-methyl-1H-pyrrol-2-yl)-methanone (17aA) [entry 1]. 
Colorless crystals; Mp: 108-111 °C (hexane-CHCl3); IR (CHCl3): 3690, 3017, 1602 cm-1; 1H NMR 
(300 MHz, CDCl3)  δ:  7.16-7.10 (1H, m), 7.04-6.94 (3H, m), 6.50 (1H, t, J = 2.0 Hz), 6.03 (1H, dd, 
J = 4.0, 1.5 Hz), 5.94 (1H, dd, J = 4.0, 2.5 Hz), 3.92 (2H, t, J = 6.5 Hz), 3.80 (3H, s), 2.81 (2H, t, J 
= 6.5 Hz), 2.01 (2H, quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3) δ:  163.2, 139.8, 130.9, 128.7, 
128.3, 126.5, 126.3, 126.2, 125.5, 124.7, 124.2, 122.7, 121.0, 115.2, 107.1, 45.8, 44.8, 35.9, 27.0, 
26.9, 24.3, 23.5; HRMS (ESI) m/z: calcd for C15H17N2O [M+H]+ 241.1335, found 241.1333. 13C 
NMR signals were observed as a mixture of rotamers. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1-methyl-1H-pyrrol-3-yl)-methanone (18aA) [entry 1]. 
Colorless crystals; Mp: 93-96 °C (hexane-CHCl3); IR (CHCl3): 3690, 1602 cm-1; 1H NMR (300 
MHz, CDCl3)  δ:  7.14-7.04 (2H, m), 7.04-6.92 (2H, m), 6.87 (1H, s), 6.34 (1H, t, J = 2.0 Hz), 5.86 
(1H, t, J = 2.0 Hz), 3.88 (2H, t, J = 6.5 Hz), 3.56 (3H, s), 2.76 (2H, t, J = 6.5 Hz), 1.99 (2H, quint, J 
= 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  166.0, 140.1, 131.9, 127.9, 126.3, 125.6, 125.3, 124.1, 
121.2, 119.5, 110.3, 44.1, 36.3, 26.9, 24.4; HRMS (ESI) m/z: calcd for C15H17N2O [M+H]+ 
241.1335, found 241.1333. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1H-pyrrol-2-yl)-methanone (17aB) [entry 2]. A colorless oil; 
IR (neat): 3267, 2948, 1613, 1596, 1576 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  9.74 (1H, br s), 7.27 
(1H, dd, J = 7.5, 1.0 Hz), 7.20-7.15 (1H, m), 7.07 (2H, tdd, J = 13.0, 7.5, 2.0 Hz), 6.85 (1H, td, J = 
2.5, 1.0 Hz), 6.04 (1H, dt, J = 4.0, 2.5 Hz), 5.96-5.92 (1H, m), 3.95 (2H, t, J = 6.5 Hz), 2.77 (2H, t, 
J = 6.5Hz), 2.01 (2H, quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3)  δ:  162.2, 139.3, 132.7, 128.9, 
128.3, 126.3, 125.7, 125.6, 125.4, 125.2, 122.8, 121.2, 121.1, 114.0, 109.4, 45.7, 44.5, 26.9, 26.6, 
24.3, 23.4; HRMS (ESI) m/z: calcd for C14H15N2O [M+H]+ 227.1179, found 227.1179. 13C NMR 
signals were observed as a mixture of rotamers. 
 
[3’,4’-Dihydro-1’(2’H)-quinolinyl](1H-pyrrol-3-yl)-methanone (18aB) [entry 2]. A colorless oil; 
IR (neat): 3237, 2948, 1710, 1613, 1598, 1576, 1544 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  9.02 (1H, 
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br s), 7.15 (1H, dd, J = 7.0, 1.0 Hz), 7.09-6.93 (4H, m), 6.54 (1H, dd, J = 5.0, 2.5 Hz), 5.98 (1H, dd, 
J = 4.0, 2.5 Hz), 3.91 (2H, t, J = 6.5 Hz), 2.78 (2H, t, J = 6.5 Hz), 2.00 (2H, quint, J = 6.5 Hz); 13C 
NMR (75 MHz, CDCl3)   δ:   166.8, 140.0, 132.2, 128.0, 125.7, 125.5, 124.4, 122.9, 119.4, 117.6, 
109.8, 44.2, 26.8, 24.4; HRMS (ESI) m/z: calcd for C14H15N2O [M+H]+ 227.1179, found 227.1179. 
 
(1-Benzyl-1H-pyrrol-2-yl)[3’,4’-dihydro-1’(2’H)-quinolinyl]-methanone (17aC) [entry 3]. 
Colorless crystals; Mp: 129-131 °C (hexane-CHCl3); IR (CHCl3): 2994, 1630, 1581, 1527 cm-1; 1H 
NMR (300 MHz, CDCl3)  δ:  7.32-7.01 (6H, m), 6.91 (2H, dt, J = 23.0, 7.5 Hz), 6.77 (1H, s), 6.65 
(1H, d, J = 7.5 Hz), 6.04-6.01 (1H, m), 5.99-5.95 (1H, m), 5.40 (2H, s), 3.79 (2H, t, J = 6.5 Hz), 
2.72 (2H, t, J = 6.5 Hz), 1.82 (2H, quint, J = 6.5 Hz); 13C NMR (75 MHz, CDCl3) δ:  163.3, 139.7, 
138.4, 130.7, 128.5, 128.2, 127.5, 127.3, 126.1, 125.5, 124.8, 124.1, 115.7, 107.3, 51.7, 45.0, 26.8, 
24.2; HRMS (ESI) m/z: calcd for C21H21N2O [M+H]+ 317.1648, found 317.1646. 13C NMR signals 
were observed as a mixture of rotamers. 
 
(1-Benzyl-1H-pyrrol-3-yl)[3’,4’-dihydro-1’(2’H)-quinolinyl]-methanone (18aC) [entry 3]. A 
colorless oil; IR (neat): 2944, 1626, 1579, 1531 cm-1; 1H NMR (300 MHz, CDCl3)  δ:  7.33-7.22 (2H, 
m), 7.13-6.90 (7H, m), 6.87 (1H, t, J = 2.0 Hz), 6.42 (1H, t, J = 2.5 Hz), 5.99 (1H, dd, J = 3.0, 2.0 
Hz), 4.93 (2H, s), 3.88 (2H, t, J = 6.5 Hz), 2.75 (2H, t, J = 6.5 Hz), 1.99 (2H, quint, J = 6.5 Hz); 13C 
NMR (75 MHz, CDCl3)   δ:   166.0, 140.2, 136.8, 132.0, 128.7, 127.9, 127.8, 127.1, 125.7, 125.6, 
125.4, 124.2, 120.6, 119.7, 110.7, 53.6, 44.1, 27.0, 24.5; HRMS (ESI) m/z: calcd for C21H21N2O 




















Procedure for Friedel-Crafts-type carbamoylation of 19a and 13A [Scheme 61]. 19a (57.7 mg, 
0.3 mmol) and 13A (157.4 mg, 1.2 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. 
Me2Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere 
at room temperature. After being stirred at the same temperature for 72 h, the reaction mixture was 
diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 1 : 1) afforded 20a (23.0 mg, 22%).  
 
[4’-(2’-Methoxyphenyl)-piperazin-1’-yl](1-methyl-1H-indol-3-yl)-methanone (20a). 13) 
Colorless crystals; Mp: 90-92 °C (hexane-CHCl3); IR (CHCl3): 3690, 3000, 2940, 2819, 1602, 1536 
cm-1; 1H NMR (500 MHz, CD3OD)  δ:  7.71 (1H, dt, J = 7.5, 1.0 Hz), 7.60 (1H, s), 7.44 (1H, dt, J = 
8.5, 1.0 Hz), 7.26 (1H, ddd, J = 8.0, 7.0, 1.0 Hz), 7.19 (1H, ddd, J = 8.0, 7.0, 1.0 Hz), 7.01 (1H, ddd, 
J = 8.0, 7.0, 2.0 Hz), 6.95 (2H, td, J = 8.0, 1.5 Hz), 6.89 (1H, ddd, J = 8.0, 7.0, 1.5 Hz), 3.90 (4H, t, 
J = 5.0 Hz), 3.85 (6H, s), 3.05 (4H, t, J = 5.0 Hz); 13C NMR (125 MHz, CD3OD)  δ:  168.8, 154.0, 
142.1, 138.2, 133.1, 127.7, 124.9, 123.6, 122.2, 122.0, 121.3, 119.8, 112.9, 111.09, 111.05, 56.0, 
52.4, 46.6 (br), 33.3; HRMS (ESI) m/z: calcd for C21H24N3O2 [M+H]+ 350.1863, found 350.1857. 
 
Procedure for the preparation of N-(phenylmethyl)-piperazine (19b) [Scheme 62]. 73a, b) 
According to the reported procedure in the literature, 73a) 19b was prepared from 86 in yield shown 
in Scheme 62. The spectral data were identical with those reported in the literature. 73b) 
 
Procedure for Friedel-Crafts-type carbamoylation of 19b and 13B [Scheme 62]. 19b (52.8 mg, 
0.3 mmol) and 13B (140.6 mg, 1.2 mmol) was dissolved in CHCl3 (3.0 mL) under air atmosphere. 
Me2Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 h intervals to the mixture under 
a nitrogen atmosphere at room temperature. After being stirred at the same temperature for 48 h, the 
reaction mixture was diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was 
dried over MgSO4 and concentrated under reduced pressure. Purification of the residue by 
preparative TLC (hexane : AcOEt = 1 : 1) afforded 20b (47.5 mg, 50%).  
 
(1H-Indol-3-yl)[4’-(phenylmethyl)-piperazin-1’-yl]-methanone (20b). 14) Colorless crystals; Mp: 
184-187 °C (hexane-CHCl3); IR (CHCl3): 3694, 3470, 3004, 2815, 1604, 1540 cm-1; 1H NMR (500 
MHz, DMSO-d6)  δ:  11.56 (1H, br s), 7.67-7.64 (2H, m), 7.42 (1H, dt, J = 8.0, 1.0 Hz), 7.33-7.30 
(4H, m), 7.28-7.22 (1H, m), 7.13 (1H, ddd, J = 8.0, 7.0, 1.5 Hz), 7.08 (1H, ddd, J = 8.0, 7.0, 1.5 Hz), 
3.61 (4H, br t, J = 4.0 Hz), 3.51 (2H, s), 2.41 (4H, br t, J = 4.0 Hz); 13C NMR (125 MHz, 
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DMSO-d6)  δ:  165.4, 137.8, 135.6, 128.9, 128.2, 127.9, 127.0, 125.9, 121.8, 120.09, 120.07, 111.9, 
109.7, 61.9, 52.8, 44.4 (br); HRMS (ESI) m/z: calcd for C20H22N3O [M+H]+ 320.1757, found 
320.1750. 
 
Procedure for the preparation of 1-(phenylmethyl)-1H-indole (13G) [Scheme 63]. 70b, 74) 
According to the reported procedure in the literature, 74) 13G was prepared from 13B in yield shown 
in Scheme 63. The spectral data were identical with those reported in the literature.70b) 
 
Procedure for Friedel-Crafts-type carbamoylation of 19c and 13G [Scheme 63]. 19c (24.3 mg, 
0.15 mmol) and 13G (124.4 mg, 0.6 mmol) was dissolved in CHCl3 (1.5 mL) under air atmosphere. 
Me2Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the mixture under a nitrogen atmosphere 
at room temperature. After being stirred at the same temperature for 72 h, the reaction mixture was 
diluted with sat. NH4Cl and extracted with CHCl3. The organic phase was dried over MgSO4 and 
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane : 
AcOEt = 1 : 1) afforded 20c (26.9 mg, 45%).  
 
[1-(Phenylmethyl)-1H-Indol-3-yl](4’-phenypiperazin-1’-yl)-methanone (20c). 15) Colorless 
crystals; Mp: 135-138 °C (hexane-CHCl3); IR (CHCl3): 3621, 3017, 2974, 1611, 1598, 1538 cm-1; 
1H NMR (500 MHz, DMSO-d6)  δ:  7.97 (1H, s), 7.73 (1H, d, J = 7.5 Hz), 7.50 (1H, d, J = 8.0 Hz), 
7.34-7.29 (2H, m), 7.28-7.20 (5H, m), 7.18-7.10 (2H, m), 6.97 (2H, d, J = 8.0 Hz), 6.80 (1H, t, J = 
7.0 Hz), 5.47 (2H, s), 3.78 (4H, t, J = 5.0 Hz), 3.20 (4H, t, J = 5.0 Hz); 13C NMR (125 MHz, 
DMSO-d6)   δ:  165.1, 150.9, 137.5, 135.5, 131.5, 129.0, 128.6, 127.5, 127.2, 126.6, 122.1, 120.6, 
120.5, 119.2, 115.8, 110.8, 109.2, 49.3, 48.7, 48.2, 46.2, 44.5 (br); HRMS (ESI) m/z: calcd for 
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